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of  which  the  earlier  Lectures  were  first  delivered. 
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ened intentions  of  yourself  and  the  other  Founders  of  the  University  of  Dur- 
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opportunity  of  testifying  my  own  personal  regard  and  esteem. 
Believe  me,  my  dear  Sir, 

With  much  respect. 

Your  obedient  humble  servant, 

JAMES  F.  W.  JOHNSTON. 
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PREFACE. 


The  First  Part  of  the  following  Lectures  was  addressed 
to  a  Society*  of  practical  agriculturists,  most  of  wiiom  pos- 
sessed DO  knowledge  whatever  of  scientific  Chemistry  or  Gre- 
ology.  They  commence,  therefore,  with  the  discussion  of 
those  elementary  principles  which  are  necessary  to  a  prop^ 
understanding  of  each  branch  of  the  subject.  Every  thing 
in  such  Lectures,  which  is  not — or  may  not  be — easily  un- 
derstood by  those  to  whom  they  are  addressed,  is  worse  than 
useless.  It  has  been  my  wish,  therefore,  to  employ  no  scien- 
tific terms,  and  to  refer  to  no  philosophical  principles,  which 
I  have  not  previously  explained. 

Tb  many  who  may  take  up  the  latter  portions  of  the  work, 
some  points  may  appear  obscure  or  difficult  to  be  fiilly  un- 
derstood ;  such  persons  will,  I  hope,  do  me  the  justice  to  be- 
gin at  the  beginning,  and  to  blame  the  Author  only  when  that 
which  is  necessary  to  the  understanding  of  the  later  is  not 
to  be  found  in  the  earlier  Lectures. 

For  the  sake  of  clearness,  I  have,  in  the  following  pages, 
divided  the  subject  into /our  Parts — the  study  of  each  pris- 
ceding  Part  preparing  the  way  for  a  complete  understanding 
of  those  which  follow.  Thus,  Fart  L  is  devoted  to  the  or- 
ganic elements  and  parts  of  plants,  the  nature  and  sources 
of  these  elements,  and  to  an  explanation  of  the  mode  in  which 
they  become  converted  into  the  substance  of  plants ; — ^Part 
II.,  to  the  inorganic  elements  of  plants,  comprehending  the 
study  of  the  soils  from  which  these  elements  are  derived,  and 

•  The  Dnifiain  Countir  AgriccJtiinl  Society,  and  the  Members  of  the  Dur- 
ham Funien'  Clab. 
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VI  PREFACE. 

the  general  relations  of-geology  to  agriculture ; — Part  III.,  to 
the  various  methods,  mechanical  and  chemical,  by  which 
the  soil  may  be  improved,  and  especially  to  the  nature  of 
manures,  by  which  soils  are  made  more  productive,  and  the 
amoimt  of  vegetable  produce  increased ; — and  Part  lY.,  to 
the  results  of  vegetation,  to  the  kind  and  value  of  the  food 
produced  under  different  circumstances,  and  its  relation  to 
the  growth  and  feeding  of  cattle,  and  to  the  amount  and' 
quality  of  dairy  produce. 

By  this  method  I  have  endeavoured  to  ascend  from  the 
easy  to  the  apparently  difficult ;  and  I  trust  that  the  willing 
and  attentive  reader  will  find  no  difficulty  in  keeping  by  my 
side  during  the  entire  ascent. 

The  Author  has  much  pleasure  in  now  presenting  these 
Lectures  to  the  public  in  a  complete  form.  He  has  only  to 
express  a  hope  that  the  delay  which  has  occurred  in  the  pub* 
licationof  the  latter  part  of  the  work  has  enabled  him  to  ren- 
der it  more  useful,  and  therefore  more  worthy  of  the  public 
approbation. 

Durham,  June,  1844. 


NoTK.— The  rapid  sale  ofa  large  impression  having  rendered  a  second 
edition  of  the  first  and  second  Parts  necessary  before  the  entire  comple- 
tion of  the  work,  such  alterations,  corrections,  and  additions  only  haye 
been  made  as  oould  be  introduced  without  altering  the  original  paging  of 
the  work.  Several  oversights,  however,  have  been  corrected,  and  some 
omiasionB  supplied,  which  presented  themselves  in  the  earlier  edition. 
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LECTURE  I. 


[inpoTtance  of  Agricoltarft—Relatlon  of  the  growth  of  food  to  the  popobdon  of  Great  Britain— ^ 
Kecent  progresa  and  proapeccaof  Engliah  Acricultare— Applteatton  of  Chemical  and  Geo- 
logical Science  to  the  art  of  culture— lo  the  improTement  of  eone— the  rotation  of  crop*— 


the  application  of  manurea^&c.— Outline  of  the  Course  of  Leeturea— Number  and  nature 
of  the  elementary  bodlea— The  organic  elements  Carbon,  lijdrogen,  Oxygen,  and  Nltro 
gen,  their  properties  and  their  renUlona  to  Tegetable  life. 

Were  I  about  to  address  you  in  a  single  or  detached  Lecture  only,  I 
Hhould  think  it  my  duty  to  select  some  one  branch  of  the  art  of  culture 
for  special  illustration,  and  without  much  introductory  matter  to  pro- 
ceed at  once  to  the  exposition  of  the  principle  or  principles  on  which  it 
depended.  As  the  present,  however,  is  only  the  first  of  a  Series  of  Lec- 
tures I  hope  to  have  the  honor  of  delivering  to  you,  I  may  be  permitted 
to  introduce  my  subject  with  a  few  prefatory  remarks,  which  will  here 
find  their  appropriate  place. 

In  regard  to  the  importance  of  Agriculture  it  may  appear  superfluous 
in  me  to  address  you.  That  art  on  which  a  thousand  millions  of  men 
are  dependent  for  their  very  sustenance — in  the  prosecution  of  which 
nine-tenths  of  the  fixed  capital  of  all  civilised  nations  is  embarked— «nd 
probably  two  hundred  millions  of  men  expend  their  daily  toil— that  art 
must  confessedly  be  the  most  important  of  all ;  the  parent  and  precursor 
of  all  other  arts.  In  every  country  then,  and  at  every  period,  the  in- 
vestigation of  the  principles  on  which  the  rational  practice  of  this  art  is 
founded,  ought  to  have  commanded  the  principal  attention  of  the  great- 
est minds.  To  what  other  object  could  they  have  been  more  benefi- 
cially (lirected  ? 

But  there  are  periods  in  the  history  of  every  country  when  the  study 
of  Agriculture  becomes  more  urgent,  and  in  that  country  acquires  a 
vastly  superior  importance.  When  a  tract  of  land  is  thinly  peopled, 
like  the  newly  settled  districts  of  North  America,  New  Iiolland,  or 
New  Zealand,  a  very  defective  system  of  culture  will  produce  food 
enough  not  only  for  the  wants  of  the  inhabitants,  but  for  the  partial  sup- 
ply of  other  countries  also.  But  when  the  population  becomes  more 
dense,  the  same  imperfect  or  sluggish  system  will  no  longer  sufifice. 
The  land  must  be  better  tilled,  its  special  qualities  and  defects  must  be 
studied,  and  means  must  gradually  be  adopted  for  extracting  the  maxi- 
mum produce  from  every  portion  susceptible  df  cultivation. 

The  Britiih  islands  are  in  this  latter  condition.  Agriculture  now  is 
of  vastly  more  importance  to  us  as  a  nation,  than  it  was  towards  the 
close  even  of  the  last  century.  In  1780,  the  island  of  Great  Britain 
contained  about  9  millions  of  inhabitants ;  it  now  contains  nearly  20. 
The  land  has  not  increased  in  quantity,  but  the  consumption  of  food  has 
probably  more  than  doubled.  The  importation  from  abroad  has  not  in- 
creased to  any  important  extent ;  by  improved  management,  therefore, 
the  same  area  of  land  has  been  caused  to  yield  a  double  produce. 

But  the  population  will  continue  to  increase;  can  we  expect  that  the 
fix)d  raised  from  the  land  will  continue  to  ^pf^§|i(^J|g^^,^me  ratio? 


£3  ON  mP&OVEMElVTS  IN   AO&ICULTOKC. 

This  18  an  important  qaestion,  to  which  we  can  give  only  on  ijaperfect 
and  somewhat  unsatisfactory  answer. 

The  superficial  area  of  Great  Britain  comprises  about  57  miliions  of 
acres,  of  which  34  millions  are  in  cultivation,  about  13  millions  are  in* 
capable  of  culture,  and  the  remaioiDg  10  millions  are  waste  lands  suscep- 
tible of  improvement.  The  present  populaiion,  therefore,  is  supported 
by  the  produce  of  34  millions  of  acres,  or  every  34  acres  raises  food  for 
about  20  people.  Suppose  the  10  millions  of  acres  which  are  suscepti- 
ble of  improvement  to  be  brought  into  such  a  state  of  culture  as  to 
maintain  an  equal  proportion — the  most  favourable  supposition — ^they 
would  raise  food  for  an  additional  population  of  about  6  millions,  or 
would  keep  Great  Britain  independent  of  any  large  and  constant  foreign 
supply  till  the  number  of  its  inhabitants  amounted  to  26  millions. 
But  at  the  present  rate  of  increase  this  will  take  place  in  about  20 
years,*  so  that  by  1860,  unless  some  general  improvement  take  jilace 
m  the  agriculture  of  the  country,  the  demands  of  the  })opulaiion  will 
have  completely  overtaken  the  productive  powers  of  the  land. 

But  though  we  cannot  say  how  far  the  fertility  of  the  soil  may  be  in- 
creased, or  how  long  it  may  be  able  to  keep  a-head  of  the  growing 
numbers  of  the  people,  we  have  our  own  past  experience,  the  example 
of  other  countries,  and  the  indications  of  theory,  all  concurring  to  per- 
suade us  that  the  limit  of  its  productive  powers  can  neither  be  predicted 
nor  foreseen. 

If  we  glance  at  the  history  of  British  agriculture  during  the  last  half 
century — ^from  the  introduction  of  the  green  crop  system  or  the  alternate 
husbandry  from  Flanders  into  Norfolk,  up  to  ihe  present  time — we  find 
the  results  of  each  successive  improvement  more  remarkable  than  the 
former.  The  use  of  lime,  a  more  general  drainage  of  the  soil,  the  in- 
vention of  improved  ploughs  and  other  agricultural  implements,  as  well 
as  the  introduction  of  better  and  more  economical  modes  of  usinir  them, 
the  application  of  bone  manure,  and  more  recently  of  thorough  (fraioing 
and  subsoil  ploughing,  have  all  tended  not  only  to  the  raising  of  crops 
at  a  less  cost,  but  in  far  greater  abundance,  and  on  spots  which  our 
forefathers  considered  wholly  unfit  for  the  growth  of  corn. 

The  result  of  each  new  improvement,  I  nave  said,  has  seemed  more 
astonishing  than  the  former.  For  af\er  a  waste  piece  of  land  has  been 
brought  into  an  average  state  of  productiveness,  we  are  not  prepared  foi 
any  great  improvement  upon  it  by  new  labours;  nor  could  we  readily 
believe  that,  half  a  century  after  such  land  had  been  in  culture,  its  pro- 
duce or  its  value  should  at  once  be  doubled,  by  a  better  draining,  a 
deeper  ploughing,  or  by  sprinkling  on  its  surface  a  small  quantity  of  a 
saline  substance  imported  from  a  foreign  country.  * 

Yet  the  example  of  the  Chinese  shows  us  that  the  productive  powers 
of  the  soil  are  not  to  be  easily  estimated.  Nothing  repays  the  labours 
of  the  husbandman  more  fully  than  the  willing  soil — nothing  is  more 
grateful  for  his  attention,  or  oflfers  surer  rewards  to  patient  industry,  or 
to  renewed  attempts  at  improvement. 

In  China  we  see  a  people  whom  we  call  semi-barbarians,  multiply- 
ing within  their  own  limits  till  their  numbers  are  almost  incredible; 

•  Formorepr«else  data  and  calcolaliaBs  see  iVt«r*«  P^Jp„^/^<PMWq% 
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practising  from  the  most  remote  ages,  and  in  the  most  skilful  manner, 
various  arts  which  the  progress  of  modern  science  has  but  recently  in- 
troduced into  civilized  Europe.;  cultivating  their  soil  with  the  most  assid- 
uous labour,  and  stimulating  its  fertility  by  means  which  we  have  hith- 
erto neglected,  despised,  or  been  wholly  ignorant  of — ^but  which  the  dis- 
coveries of  the  present  time  are  pointing  out  as  best  fitted  to  secure  the 
amplest  harvests — and  have  thus  been  enabled  to  compel  their  limited 
soil  to  yield  a  sufficient  sustenance  to  its  almost  unlimited  population.* 

Experience  and  example,  therefore,  encourage  us  to  look  forward  to 
stlH  further  improvements  in  the  art  of  culture,  and,  independent  of  such 
as  may  be  derived  from  purely  mechanical  principles,  theoretical 
chemistry  seems  to  point  out  the  direction  in  which  important  advances 
of  another  kind  may  reasonably  be  anticipated.  The  Chinese  are  said 
to  be  not  only  familiar  with  the  relative  value  and  efficiency  of  the  va- 
rious manures,  but'also  to  understand  how  to  prepare  and  apply  without 
loss  th^t  which  is  best  fitted  to  stimulate  and  support  each  kind  of  plant. 
How  far  this  statement  is  exaggerated  we  are  unable  at  present  to  de- 
termine, but  it  is  in  this  direction  that  chemistry  appears  likely  to  pro- 
mote the  advance  of  European  agriculture.  The  practical  farmer  al- 
ready rejoices  in  having  in  one  ton  of  bone  dust  the  equivalent  of  14 
tons  of  farm-yard  manure;  some  of  the  most  skilful  living  chemists 
predict  that  methods  will  hereafier  be  discovered  for  compressing  into  a 
still  less  bulky  form  the  substances  required  by  planrs,  and  that  we 
shall  live  to  see  extensive  manufactories  established  for  the  preparation 
of  these  condensed  manures.f 

"  Ac  intelligent  correspondent  reminds  me  (bat  the  ainricuUnral  skill  of  the  Chinese  is 
qoestiooed  by  recent  writers  on  the  customs  or  that  country.  This  doobt  Is  founded  chiefly 
on  the  rudeness  of  their  aiihculiurai  implements  and  the  scarcity  of  cattle,  whether  horses 
or  cows,  among  them.  But  in  this  densely  peopled  country  the  hoe  they  employ  serves 
the  purpose  of  every  other  implement  {Davis^t  Chinii^  it.  SS2),  and  where  the  plare  of  cat* 
tie  is  supplied  by  an  equivalent  number  of  men,  iBere  can  be  no  comparative  want  of 
valuable  manure.  The  iMpulaiion  of  China,  however,  is  probably  not  so  dense  in  all  the 
provinces  as  it  hss  hithcrlo  bsen  supposed.    Many  writers  tiave  estimated  the  entire 

Sopulalidn  at  900  millions,  while  recent  statists  reduce  it  to  175  millions.  Taking  even  the 
ieher  estimate,  the  popnlation  Is  not  more  dense  than  in  England  and  Holland— the  area 
Of  China  proper  being  1,200,000  square  miles,  or  eight  times  that  of  France.  It  is  coneidera* 
biy  less  dense,  indeed,  if  we  lake  into  account  the  number  of  horses  and  rattle  which  in 
Europe  sre  reared  and  fed  on  the  produce  of  Uie  land.  Wo  may  hereafter  expect  more  ac- 
curate information,  however,  especially  regarding  the  Interior  of  this  interesting  country.-' 
See  Appendix  A. 

t  Should  the  opinions  above  expressed  appear  too  sanguine  to  some,  or  be  treated  by  sny 
of  my  readers  as  fwre'y  theoretical^  I  would  refer  them  to  the  wonls  of  Mr.  Smith  of  Desn- 
ston,  the  inventor  of  the  subsoil  plough,  and  the  introducer  of  the  greatest  prsctical  im* 

Krovement  in  modem  agriculiure.  After  stating  that  at  teaat  three  fourths  of  the  nhole  ora- 
te land  in  the  eourUry  is  under  very  indifferent  culture,  chleflv  from  the  want  of  complete 
draining  and  deep  working,  and,  adverting  to  the  increasetl  produce  it  mav  be  maae  to 
yield,  he  says,  "it  Is  not  stall  improbable  that  Britain  may  become  an  exporting  country  in 


Sractical  men  do  not  despair  of  attaining  to  a  pitch  of  improvement  In  agriculture  which 
leoretlcal  writers  dare  not  venture  to  predict. 

But  among  all  persons  of  enlarged  Information  a  similar  opinion  prevails.  Thus  the 
eloquent  author  ofa  recent  work  on  the  principles  of  population  says,  "  the  single  alteratioa 
of  substituting  the  kitchen-garden  husbandry  of  Flanders  in  our  plains,  and  the  terraced 
euUnre  of  Tuscany  In  our  hills,  for  the  present  system  of  agricultural  management,  would 
at  once  double  the  produce  of  the  British  islands,  and  procure  ample  subsistence  for  twice 
the  number  of  its  present  inhabiUnts."— il/Moi»'«  Prtnctotes  of  Population^  I.  p.  816.  Theae 
hopes  are  not  to  be  rejected  or  suppreaaed ;  for,  though  they  may  never  be  ftiUy  realized, 
TeC  they  are,  as  it  were,  the  seeds  of  exerUon,  from  which  ample  harvests  of  good  may 
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Thus  much  may  be  said  in  regard  to  die  future  hopes  and  prospects 
of  sciendfic  agriculture.*  But  how  few  practical  men  are  acquainted 
with  what  is  already  known  of  the  princi{>les  of  the  important  an  by 
which  they  live !  Trained  up  in  ancient  methods— attached  generally 
to  conservative  principles  in  ^very  shape-— the  practical  agriculturists, 
as  a  body,  have  always  been  more  opposed  to  change  than  any  otiier 
large  class  of  the  community.  They  have  been  slow  to  believe  in  the 
superiority  of  any  methods  of  culture  which  differed  from  their  own* 
from  those  of  their  fathers,  or  of  the  district  in  which  they  live-*and, 
even  when  the  superiority  could  no  longer  be  denied,  they  have  been 
almost  as  slow  to  adopt  them. 

But  the  awakening  spirit  of  the  time  is  making  itself  felt  in  the  re- 
motest agricultural  districts ;  old  prejudices  are  dying  out,  and  the  cul- 
tivators of  this  most  ancient,  most  important,  and  noblest  of  all  the  arts, 
are  becoming  generally  anxious  for  information,  and  eager  for  improve- 
ment.! 

Two  circumstances  have  contributed  to  retard  the  approach  of  this 
better  state  of  things. 

In  the  first  place,  the  agricultural  interest  in  England  has  hitherto 
expended  its  main  strength  in  attempting  to  secure  or  maintain  impor- 
tant political  advantages  in  the  state.  The  encouragement  of  experi- 
mental agriculture  has  been  in  general  neglected,  while  the  diifusion 
of  practical  knowledge  has  been  either  wholly  overlooked  or  considered 
subordinate  to  other  objects.  No  national  enbrts  have  been  made  for 
the  general  improvement  of  the  methods  of  culture.  While  for  the 
other  important  classes  of  the  com m unity  special  schools  have  been  es- 
tablished, in  which  the  elements  of  all  the  branches  of  knowledge  most 
necessary  for  each  class  have  been  more  or  less  completely  taught,  and 
a  more  enlightened,  because  better  instructed,  race  of  men  gradually 
trained  up,  no  such  schools  have  been  instituted  for  the  benefit  of  the 
agriculturist.  In  our  Universities,  in  which  the  holders  of  land,  those 
most  interested  in  its  improvement,  are  nearly  all  educated,  a  lesson 
upon  agriculture,  the  right  arm  of  the  State,  has  hitherto  scarcely  ever 
been  given. t     With  the  practice  of  the  art,  the  theory  has  also  been 

Those  who  have  access  to  the  Journal  of  the  Royal  Eoglish  Agricultural  Society  will 
find  in  the  flixt  number  a  paper  by  Mr.  Pusey.  **  On  the  present  state  or  the  science  or  Agrl> 
culture  in  Bngland,"  in  which  mnch  valuabie  inrormation  Is  contained,  and  of  a  more  prac* 
tical  Icind  than  1  have  been  able  to  idtroducc.  Tills  paper  ought  to  be  printed  in  a  separate 
form,  and  circulated  widely  among  those  who  are  not  members  of  the  Royal  English  Agri* 
cultural  Society. 

t  This  opinion  has  been  confirmed  by  the  numerous  communicallons  I  have  received 
from  all  parts  of  the  country  since  the  publication  of  these  Lectures  was  announced,  and  in 
which  I  am  assured  that  the  want  of  knowledge  is  generally  felt«  and  a  supply  in  a  suflicient. 
ly  elementary  form  desired,  by  all  classes  of  agrtculturiata.  I  conclude,  therefore,  that  Lie- 
big  means  the  following  sentence  to  applv  to  his  German  countrymen :  "  What  can  be  ex« 
pected  from  the  present  (generation  of )  farmers,  which  recoils  with  seeming  distrust  and 
aversion  from  all  the  means  of  assistance  offered  it  by  chemistry,  and  which  does  not  un- 
derstand the  art  of  making  a  rational  application  of  chemical  discoveries."  I  do  not  think 
chemists  ought  in  fairness  to  blame  the  practical  agriculturists  for  not  understandimr  the 
art  of  applving  chemical  discoveries  to  the  improvement  of  the  culture  or  the  land  They 
must  first  know  wlutf  the  discoveries  are ;  and  the  error  has  hitherto  been,  that  no  steps 
have  been  taken  to  diffuse  this  prellmlnaiy  knowledge. 

t  However  satisfied  young  men  may  be  to  avoid  Uie  labor  of  additional  study  while  at 
College,  how  many  in  afler-life  regret  thai  their  early  aUention  had  not  been  directed  to 
some  of  those  branches  of  knowledge  which  are  applicable  to  common  life.  Thos  the  late 
Lord  Dudley,  In  his  letters  to  the  Bishop  of  Mmn^^fff,  invariably  laoMOti,  <*••  mtitahiw  In 
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neglected.  Scieotific  men  have  had  do  indncement  to  devote  their 
time  and  talents  to  a  subject  which  held  out  no  promise  of  reward, 
either  in  the  shape  of  actual  emolument  or  of  honorary  distinction. 
And  thus  has  arisen  the  second  of  those  circumstances,  by  which  I  con- 
sider the  approach  of  a  better  state  of  things  to  have  been  retarded— 
namely,  the  want  of  an  Agricultural  Literature. 

With  the  exception  of  a  small  number  of  periodical  publications, 
none  of  these  even  too  well  supported,  by  which  attempts  have  been 
zealously  made  to  diffuse  important  information  among  the  practical 
farmers — ^it  cannot  be  denied  that  the  press  has  not  been  encouraged  to 
do  its  utmost  on  bebalf  of  agricultural  knowledge  in  general— while  the 
single  work  of  Sir  Humphry  Davy  is  nearly  all  that  chemical  science 
has,  in  this  country,  been  induced  to  contribute  to  the  advancement  of 
agricultural  theory  during  the  last  forty  years.* 

Many  of  you  have  probably  read  this  work  of  Sir  Humphry  Davy, 
and  are  prepared  to  acknowledge  its  value.  Yet  how  many  things 
does  lie  pass  over  entirely,  how  many  thines  leave  unexplained !  Since 
his  time,  not  only  have  numerous  practical  observations  and  discoveries 
been  made,  but  the  entire  science  of  animal  and  vegetable  chemistry 
has  been  regenerated.  We  are  not,  therefore,  to  expect  in  his  work  a 
view  of  the  present  state,  either  of  our  theoretical  knowledge,  or  of  our 
practical  agriculture.  It  belong  rather  to  the  history  of  the  progress  of 
Jmow ledge,  than  to  the  condition  of  existing  information.  Hence  the 
merits  of  the  agricultural  chemistry  of  Davy  are  not  to  be  tried  by  its 
accordance  with  actual  knowledge,  but  with  what  was  knowu  in  18112, 
when  its  distinsuished  author  read  his  course  of  lectures  for  the  last 
time  before  the  Board  of  Agriculture. 

We  may  with  certainty  predict,  however,  that  neither  the  practice 
nor  the  theory  of  agriculture  will  be  permitted  to  experience  in  future 
that  want  of  general  encouragement  under  which  during  the  last  half 

his  early  life,  ht«  aoacqnalntance  with  the  radtments  or  sffricaltnre— his  ignonnce  of  bota- 
ny and  geology."— (See  also  a  note  to  Oie  Review  of  these  Letters  in  the  Quarterly  Review 
for  December,  1840.) 

For  this  state  of  things  we  shall  soon  have  at  least  a  partial  remedy.  It  is  a  remarkable 
Act  that  nearly  all  the  new  educational  institatioDs  of  the  higher  class,  on  the  Continent  of 
Europe,  of  which  so  many  have  been  founded  within  the  present  c-enlory,  and  all  ihoee 
which  have  been  established  in  Ameri-^,  I  believe,  without  exception,  have  incorporated 
Into  their  course  of  general  study  one  or  more  of  the  newer  sciences.  Can  we  have  a  more 
coosentaneoos  and  universal  testimony  to  their  value  and  importance  than  this  1  The  Uni- 
versity of  Ijondon  has  been  induced,  by  the  same  public  demand  for  this  species  of  instruc- 
tion, to  inclnde  Chemistry  and  Botany  in  its  course  of  arts;  and  circumstances  only  have 
caused  Oeolo«y  to  be  omitted  for  a  time.  Its  numerous  affiliated  institutions  have  followed 
Its  steps;  and  hence  the  Catholic  College  of  Bt  Cuthbert,  at  Ushaw,  has  in  this  respect  an- 
ticipated its  Protestsnt  neighbor  at  Durham. 

But  should  the  agriculmral  interest  rest  satisfied  with  this  Introdnction  of  one  or  two 
branches,  suppose  it  generally  done,  into  the  Universiry  course  of  study  1  Many  are  of 
opinion  that  It  ought  not,  and  that  the  genera]  interests  of  prectioal  agriculture  would  be 
manifestly  promoted,  among  other  means,  by  the  establishment  of  sgilcultural  colleges,  In 
which  all  the  branches  necessary  to  be  known  by  enlightened  agriculturists  of  every  class 
tbookl  he  specially  and  distinctly  taught  Whether  such  Colleges  might  be  beneficially 
■aaezed  to  tne  ezuting  Universities,  is  a  qnesUon  dacerving  of  seiious  consideration. 

*  The  latest  edition  of  Lord  Dundonald's  **  Treatise  on  the  intimate  connection  between 
Chemistry  and  Agriculture,"  which  I  have  seen,  is  dated  London,  1803. 

I  shouM  be  doing  injostlce  to  a  good  chemist  and  a  zealous  agriculturist,  were  I  not  to 
direct  the  attention  of  my  readers  to  a  series  of  excellent  articles  on  chemical  agriculture 
by  Dr.  Madden,  inserted  in  the  numbers  of  the  Quarterly  Journal  of  Agricultnre  for  the  last 
two  yean. 

fiUnce  the  above  went  to  press,  Three  Lectures  on  Agriculture  have  appeared  from  the 
pen  of  Dr.  Dtubeay,  of  OjOatd^  whose  name  wlU  Mcars  ^fiL^fi^eiilQd^^^lnalallon. 
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century  they  have  in  England  been  pennitted  to  langutsli.  The  public 
mind  has  been  awakened,  and  the  establishment  of  AgricuUural  Associ- 
ations, provincial  and  local,  are  manifestations  of  the  interest  now  felt 
upon  the  subject  in  all  parts  of  the  country.  It  requires  only  the  general 
exhibition  of  such  an  interest,  and  ihe  adoption  of  some  general  means  of 
encouragement,  lo  stimulate  both  practical  ingenuity  and  scientific  zeal 
to  expend  themselves  on  this  most  valuable  branch  of  national  industry. 

Science  is  never  unwilling  to  lend  her  hand  to  the  practical  arts ;  on 
the  contrary,  she  is  ever  forward  to  proffer  her  assistance,  and  it  is  not 
till  her  advances  have  been  rejected  or  frequently  repulsed,  that  she  re- 
frains from  aiding  in  their  advancement. 

Need  I  advert,  in  proof  of  this,  to  the  unwearied  labours  of  the  vege- 
table physiologists— or  to  the  many  valuable  observations  and  experi- 
ments recorded  in  the  memoirs  of  scientific  chemists.  In  these  memoii-s, 
or  in  professedly  scientific  works,  such  observations  have  not  unfrc- 
quently  been  permitted  to  rest;— the  public  mind  being  unprepared 
either  to  appreciate  their  value  or  to  encourage  the  exertions  of  those  wko 
were  willing  to  give  them  a  practical  and  popular  form. 
>  And  how  numerous  are  the  branches  of  science  connected  with  tliis 
art  ?  Need  1  speak  of  botany,  which  is,  as  it  were,  the  foundation  on 
which  the  first  elements  of  agriculture  rest ;  or  of  vegetable  physiology, 
to  the  indications  of  which  it  has  hitherto  almost  exclusively  looked  for 
improvement  and  increased  success ;  or  of  zoology,  which  alone  ran 
throw  light  on  the  nature  of  the  numerous  insects  that  prey  upon  your 
crops,  and  so  often  ruin  your  hopes, — and  which  can  alone  be  reason- 
ably expected  to  arm  you  against  their  ravages,  and  instruct  you  to  ex- 
tirpate them  ?  Meteorology  among  her  other  labours  tabulates  the  highest, 
tlie  mean,  and  the  lowest,  temperatures,  as  well  as  the  quantity  of  rain 
which  falls  during  each  day  and  each  month  of  the  year.  Do  you 
doubt  the  importance  of  such  knowledge  to  the  proper  cultivation  of  the 
land  ?  Consider  the  destructive  effects  of  a  late  frost  in  spring,  or  of  a 
continued  heat  in  summer,  and  your  doubts  will  be  shaken.  A  wet  sea- 
son in  our  climate  brings  with  it  many  evils  to  the  practical  agriculturist ; 
but  what  effect  must  the  rain  have  on  the  soil,  in  countries  where  nearly 
as  much  falls  in  a  month,  as  in  England  during  the  course  of  a  whole 
year  ;*— where  every  thing  soluble  is  speedily  washed  from  the  land,  and 
nothing  seems  to  be  left  but  a  mixture  of  sand  and  gravel  ?  It  may 
indeed  be  said  with  truth,  that  no  department  of  natural  science  is  inca- 
pable of  yielding  instruction — that  scarcely  any  knowledge  is  superflu- 
ous— to  the  tiller  of  the  soil. 

It  is  thus  that  all  branches  of  human  knowledge  are  bound  together, 
and  all  the  arts  of  life,  and  all  the  cultivators  of  them,  mutually  de- 
pendent. And  it  is  by  lending  each  a  helping  hand  to  the  others,  that 
the  success  of  all  is  to  be  secured  and  accelerated ;  while  with  the  gene- 
ral progress  of  the  whole  the  advance  of  each  individual  is  made  sure. 

The  recent  contributions  and  suggestions  of  geology  are  the  best  proof 
of  the  readiness  of  the  sciences  of  observation  to  give  their  aid  to  the 
promotion  especially  of  agricultural  knowledge.  The  geologist  can 
best  explain  the  immediate  origin  of  your  several  scnls,  the  cause  of  the 

*  AlOulotumchemniubof  Bfay.thAlUlof  x«inlBoAanf||f||^Atj$;ij^^ 
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diversities  which  even  in  the  same  farm,  it  may  be  in  the  same  field, 
they  not  unfrequently  exhibit  \*  the  nature  and  differences  among  your 
subsoils,  and  the  advantages  you  may  expect  from  breaking  them  up  or 
bringing  them  to  the  surface. 

Geology  is  essentially  a  popular  science,  and  the  talents  of  its  emi- 
nent English  cultivators  are  admirably  fitted  to  make  it  still  more  so. 
Hence,  a  certain  amount  of  knowledge  of  this  science  has  been  of  late 
years  very  generally  diffused,  and  its  relations  to  agriculture  are  be- 
coming every  day  better  understood.  The  Highland  Society  of  Scot- 
land, among  its  many  other  useful  exertions,  has  done  very  much  to 
connect  agriculture  and  geology  with  the  sphere  of  its  own  labours, 
while  the  Journal  of  the  Royal  Agricultural  Society  of  England  mani- 
fests a  similar  desire  on  the  part  of  that  numerous  and  talented  body,  to 
illustrate  the  connection  of  agriculture  with  geology  and  chemistry,  in 
the  southern  division  of  the  island.  That  Dr.  Buckland,  Mr.  Murchi- 
son,  and  Mr.  De  la  Beche  have  each  engaged  to  make  a  gratuitous  sur- 
vey of  the  subsoils  in  several  extensive  agricultural  districts,  at  the  re- 
quest of  the  Council  of  this  Society, f  shows  that,  where  their  services  are 
estimated,  our  most  eminent  scientific  men  will  not  hesitate  to  devote  them 
to  (he  development  of  the  most  important  branches  of  national  industry. 

The  time,  therefore,  is  peculiarly  favourable  for  the  increase  and  diffu- 
sion of  agricultural  knowledge.  The  growth  of  our  population  re- 
quires it— practical  men  are  anxious  to  receive  instruction-scientific 
men  are  eager  to  impart  what  they  know,  and  to  make  new  researches 
for  the  purpose  of  clearing  up  what  is  unknown— are  we  not  justified, 
therefore,  in  anticipating  hereafter  a  constant  and  general  diffusion  of 
light,  a  steady  progress  of  agricultural  improvement  ? 

Having  thus  glanced  at  the  state  and  prospects  of  scientific  agricul- 
ture in  general,  and  especially  of  the  art  of  culture  in  England,  permit 
me  to  advert  to  a  few  of  those  questions  of  daily  occurrence  among  you, 
to  which  chemistry  alone  can  give  a  satisfactory  answer.  I  shall  not  in 
this  place  allude  to  the  subject  of  manures — which  form  aloue  an  entire 
chapter  of  most  recondite  chemistry,  and  which  I  shall  take  up  in  its 
proper  place,  but  I  shall  select  a  few  isolated  topics,  the  bearing  of 
chemical  knowledge  upon  which  is  sufficiently  striking. 

Some  soils  are  naturally  barren,  but  how  few  of  our  agriculturists  are 
able,  in  regard  to  such  soils  generally,  to  say  why ;  how  few  who  pos- 
sess the  knowledge  requisite  for  discovering  the  cause  I  Of  these  bar- 
ren lands  some  may  be  improved  so  as  amply  to  repay  the  outlay  ;  some, 
from  their  localit^r  or  from  other  causes,  are  in  the  present  state  of  our 
knowledge  irreclaimable.  How  important  to  be  able  to  distinguish  be- 
tween these  two  cases ! 

*  I  cannot  refer  to  a  plainer,  more  simple,  or  more  beantlful  illaatxatlon  of  this  fact  than 
that  which  is  presented  in  a  short  paper  by  Sir  John  Johnstone.  Bart,  Inserted  in  the  Jour- 
nal of  the  English  AgricultunU  Society,  L  p.  271,  entitled  "  On  tne  Application  of  Geology  to 
Afrieultare."  See  also  an  able  paper  by  the  Rev.  Mr.  Thorpe,  of  which  a  valuable  report  is 
contained  In  the  Doncaster  Chronicle  of  December  5th,  and  which  will  be  published  In  the 
proceedings  of  the  Geological  and  Polytechnic  Society  of  the  West  Riding  of  Yorkshire. 

t  Journal  of  the  Royal  Agrlealtnral  Society,  Report  of  their  Council,  I.  p.  188. 

To  form  a  just  idea  of  the  value  and  importance  of  such  surveys,  it  is  only  necessary  to 
read  chap,  zv.,  pp.  463  to  480.  of  Mr.  De  la  Heche's  "  Geological  Report  on  Cornwall  and  do- 
ton,"  or  Professor  Hitchcock's  **  Report  on  a  re-ezamination  of  the  Bconomic  Geology  of 

2*  ^ 
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Some  apparently  good  soils  are  yet  barren  in  a  high  degree.  In  en- 
deavouring to  improve  such  soils,  practical  men  have  no  general  rule— 
they  can  have  none.  They  work  in  the  dark — like  a  man  who  makes 
experiments  in  a  laboratory,  without  a  teacher  or  without  a  book,  till, 
afler  many  blunders  and  much  expense,  he  discovers  some  fact,  to  him- 
self new,  but  to  others  long  known,  and  forming  only  one  of  many  ana« 
logons  facts,  flowing  from  a  common,  and  probably  well  understood, 
principle. 

"  The  application  of  chemical  tests  to  such  a  soil,**  says  Sir  Humphry 
Davy,  "  is  obvious,  h  must  contain  some  noxious  principle,  [or  be  de- 
ficient in  some  necessary  element. — J.]  which  may  be  easily  discovered 
and  probably  easily  destroyed.  Are  any  of  the  salts  of  iron  present, 
tliey  may  be  decomposed  by  lime.  Is  there  an  excess  of  siliceous  sand, 
the  system  of  improvement  must  depend  on  the  application  of  clay  and 
calcareous  matters.  Is  there  a  defect  of  calcareous  matter,  the  remedy 
is  obvious.  Is  an  excess  of  vegetable  matter  indicated,  it  may  be  re- 
moved by  liming,  paring,  and  burning.  Is  there  a  deficiency  of  vege- 
table matter,  it  is  to  be  supplied  by  manure.'* — [Agricultural  Uhemistry, 
Lecture  1.] 

What  was  true  in  regard  to  the  applications  of  chemistry  in  the  time 
of  Sir  Humphry  Davy  is  more  true  in  a  high  degree  of  the  chemistry 
of  our  time.  Not  only  is  the  nature  of  soils  better  understood,  but  we 
know  in  many  cases  what  a  soil  must  contain  before  it  will  produce  a 
given  crop.  Why  do  pine  forests  settle  themselves  on  the  naked  and 
apparently  barren  rocks  of  Scotland  and  of  Northern  Europe,  content  if 
their  young  roots  can  find  but  a  crevice  in  the  mountain  to  shelter  them? 
Why  does  the  beech  luxuriate  in  the  alluvial  soils  of  Southern  Sweden, 
of  Zealand,  and  Continental  Denmark  ?  Why  does  the  birch  spring 
up  from  the  ashes  of  the  pine  forest — why  the  rapid  rush  of  delicate 
grass  from  the  burned  prairies  of  India  and  of  Northern  America  ? 
whence  comes  the  iliick  and  tender  sward  of  the  mountain  limestone 
districts — whence  the  gigantic  wheat  stalk  of  a  virgin  soil  ?  Why  do 
the  same  forest  trees  propagate  themselves  for  ages  on  the  same  spots 
without  impoverishing  the  soil — why  do  the  natural  grasses,  the  longer 
they  are  undisturbed,  render  the  land  only  the  more  fertile  ? 

These,  one  would  think,  are  scarcely  chemical  questions,  and  yet  to 
all  of  them,  and  to  a  thousand  such,  chemistry  alone  can  and  will  give 
a  satisfactory  answer. 

The  rotation  of  crops  is  a  practical  rule,  the  benefit  of  which  has 
been  proved  by  experience ;  it  becomes  a  true  philosophical  principle 
of  action,  when  we  discover  the  causes  from  which  this  benefit  springs. 
Botany  has  thrown  considerable  light,  and  of  an  interesting  and  impor- 
tant kind,  upon  this  practice,  but  chemistry  has  fully  cleared  it  up  and 
established  the  principle.  ' 

Sir  Humphry  Davy  speaks  of  the  use  of  lime.  Can  you  explain  the 
mysterious,  and  apparently  fickle  and  diversified,  agency  of  this  sub- 
stance in  reference  to  vegetation?  Are  the  advantages  so  frequently 
attendant  upon  its  use  to  be  ascribed  to  the  chemical  character  of  the 
soil  to  which  it  is  applied,  to  the  kind  and  quantity  of  the  vegetable 
matter  it  contains,  or  to  the  geological  nature  of  the  rocks  on  wnich  it 
rests?     Are  they  dependent  upon  the  drainage;  ,a|]4ueicp^i|i^  of  th« 
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land— on  the  kind  of  crop  to  be  raised— on  tfae  general  climate  of  tlie 
district—- on  the  maxima  and  minima  of  temperature— >or  on  the  quanti- 
ty of  rain  which  falls  ? 

So  with  gypsum.  Why  are  its  effects  lauded  in  one-  district,  doubted 
in  another,  and  decried  in  a  third!  Are  no  rules  or  principles  to  be 
discovered,  by  which  these  diversified  effects  are  to  be  explained,  and 
the  true  purpose  and  fit  use  of  these  and  other  mineral  substances  clear- 
ly pointed  out?  Such  principles  are  vet  to  be  sought  for;  but  if 
sought  by  the  way  of  well  devised  and  accurately  conducted  experi- 
ment, they  are  8ure  to  be  discovered. 

The  land  is  exhaosted  by  frequent  cropping.  What  language  more 
familiar,  what  statement  more  true  than  this?  Yet  how  few  under- 
stand what  exhaustion  implies;  how  few  can  explain  either  how  it 
takes  place,  by  what  means  it  can  be  remedied,  or  how,  if  left  to  her- 
self, nature  at  length  does  apply  a  remedy  1 

Have  you  any  doubt  in  regard  to  the  prevailing  ignorance  on  this 
subject  ?  To  be  satisfied,  yon  have  only  to  look  with  an  experienced 
eye  on  the  agricultural  practice  of  the  county  of  Durham.  Are  there 
not  thousands  of  acres  in  the  centre  of  this  county  which  exhibit  a  de- 
gree of  unproductiveness  not  natural  to  the  soil  ;•— which  have  been 
overcropped,  and  worn  out,  and  impoverished?  A  soil  comparative- 
ly fertile  by  nature  has  been  rendered  unfertile  by  art.  That  which 
was  naturally  good  has  been  rendered  as  unproductive  and  unprofitable 
as  that  whicfi  was  naturally  bad.  Has  this  state  of  things  arisen  from 
ignorance,  from  design,  or  from  necessity  ?  By  whichever  of  these  it. 
has  been  immediately  caused,  it  is  clear  that  the  requisite  degree  of 
knowledge  on  the  part  of  the  owners  of  the  soil  would  have  retarded  if 
not  wholly  prevented  it. 

The  same  knowledge  will  enable  them  to  reclaim  these  lands  again, 
and  gradually  restore  them  to  a  more  fertile  condition ;  for  the  changes 
which  the  soil  undergoes  in  such  circumstances  are  all  chemical 
changes,— either  in  the  relative  quantities  of  the  substances  it  contains, 
or  in  the  state  of  combination  in  which  they  exist. 

The  art  of  culture  indeed  is  almost  entirely  a  chemical  art,  since 
nearly  all  its  processes  are  to  be  explained  only  on  chemical  principles. 
If  you  add  lime  or  gypsum  to  your  land,  you  introdnce  new  chemical 
agents.  If  you  irrigate  your  meadows,  you  must  demand  a  reason 
from  the  chemist  for  the  abundant  growth  of  grass  which  follows.  Do 
you  find  animal  manure  powerful  in  its  action,  is  the  effect  of  some 
permanent,  while  that  of  others  is  speedily  exhausted  ? — does  a  mixture 
of  animal  and  vegetable  manure  prepare  the  land  best  for  certain  kinds 
of  grain?— do  you  employ  common  salt,  or  gypsum,  or  saltpetre,  or  ni- 
trate of  soda,  with  advantage  ? — in  all  these  cases  you  observe  chemical 
results  which  you  would  be  able  to  control  and  modify  did  you  possess 
the  requisite  chemical  knowledge. 

It  is  not  wonderful  that  even  theoretical  agriculturists  should  be  far 
behind  in  the  knowledge  of  those  principles  on  which  their  most  impor- 
tant operations  depend.  The  greatest  light  has  been  thrown  upon  the 
art  of  culture  by  the  researches  of  organic  chemistry,  a  branch  which 
may  be  said  to  have  started,  if  not  into  existence,  at  least  into  a  new 
life,  within  the  last  ten  years.    Every  day  too  j^Mfmgj.ii,^  number 
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and  value  of  its  discoveries,  and  the  agricalUirist  may  well  be  pardoned 
for  not  keeping  pace  with  the  advances  of  a  department  of  science, 
which  even  the  professed  and  devoted  chemist  can  scarcely  overtake. 

I  might  advert  also  to  the  mechanical  operations  of  ploughing,  wheth- 
er common  or  subsoil,  of  fallowing,  draining,  weeding,  and  many 
others,  as  being  only  so  many  methods  by  which  chemical  action  is  in- 
duced or  facilitated ;— -to  the  growth  of  plants,  and  even  to  such  ob- 
served differences  as  that  of  the  relative  quantity  of  leaves  and  tubers  in 
the  potatoe,  and  of  grain  and  straw  in  our  corn-fields,  as  interesting 
cases  on  which  scientific  chemistry  throws  a  flood  of  light.  I  might 
shew  how  the  feeding  of  your  cattle  and  the  raising  and  manaeement 
of  dairy  produce  are  not  beyond  the  province  of  chemistry,  but  Uiat  the 
only  approach  to  scientific  principle  yet  made,  even  in  these  branches 
of  husbandry,  is  derived  from  the  results  of  chemical  research. 

But  I  do  not  dwell  on  any  of  these  points:  they  will  all  hereafter 
come  under  our  review  in  their  appropriate  order,  and  will  afibrd  me  an 
opportunity  of  laying  before  you  many  important  facts,  as  well  as,  I 
hope,  valuable  practical  deductions  and  observations. 

While,  however,  I  feel  justified  in  saying  thus  much  of  the  light 
which  existing  chemical  knowledge  throws  on  the  natural  processes  of 
vegetation,  and  on  the  artificial  methods  of  practical  agriculture,  I 
would  not  lead  you  to  suppose  that  our  knowledge  is  by  any  means 
complete,  that  there  are  not  many  points  over  which  much  darkness 
still  rests — that  some  of  the  theoretical  views  now  entertained  are  not 
-  crude,  adopted  too  hastily,  and  generalized  too  rapidly.  But  a  similar 
confession  may  be  made  in  reference  to  all  the  modem  sciences  of  ob- 
servation without  diminishing  their  importance  or  detracting  from  the 
value  of  the  facts  they  embody.  Human  science  is  progressive  in  all 
its  branches,  and  to  refuse  to  follow  the  indications  of  existing  know- 
ledge because  it  is  to  some  extent  uncertain,  would  be  as  foolish  as  to 
refuse  to  avail  ourselves  of  tlie  morning's  light,  because  it  is  not  equal 
to  that  of  the  midday  sun. 


1  advance,  therefore,  to  the  special  object  of  these  lectures,  and  I  shall 
first  present  you  with  a  rapid  outline  of  the  method  which  I  intend  to 
follow.  It  is  indispensable  that  this  method  should  be  simple,  and  that 
every  consecutive  portion  should  be  so  fitted  to  clear  the  way  for,  and 
throw  light  upon,  what  is  to  follow,  that  we  may  be  able  to  advance 
from  the  first  rudiments  to  the  most  difficult  and  abstruse  parts  of  our 
subject,  without  any  chance  of  the  illustrations  being  even  difificult  to 
comprehend.  This  end  I  do  not  hope  perfectly  to  attain,  but  it  will  be 
my  constant  aim,  and,  with  due  attention  on  your  part,  I  do  not  fear 
that  we  shall  fail  in  arriving  at  a  perfect  understanding  of  the  various 
points  to  which  I  shall  have  occasion  to  direct  your  attention. 

I  propose,  therefore,  to  bring  before  you— 

I.  The  constitution  of  vegetable  substances  with  the  properties  of  the 
elementary  and  compound  bodies  which  either  enter  into  the  substances 
of  plants  or  contribute  to  their  growth  and  nourishment. 

II.  The  general  structure  and  functioos  of  the  several  parts  of  plants 
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—their  mode  of  growth— and  the  manner  ia  which  tlicir  fooa  is  ab- 
sorbed, changed,  and  converted  into  parts  of  their  substance. 

III.  The  origin,  nature,  and  pnncipal  differences  of  soils — with  the 
circumstances  on  which  their  relative  fertility  depends,  or  ufider  which 
it  is  modified.  ^ 

IV.  The  nature  and  differences  of  manures,  and  their  mode  of  action, 
whether  directly  in  supplying  food  to  the  plant,  or  indirectly  in  hasten- 
ing and  increasing  their  growthl 

V.  The  nature  and  diversities  of  the  food  raised  as  the  result  of  cul- 
ture—especially in  reference  to  their  several  equivalents  or  powers  of 
supporting  animal  life. 

Under  this  head  the  feeding  of  cattle  and  the  variations  in  the  quan- 
tity and  quality  of  dairy  produce,  will  form  subjects  of  consideration. 

These  different  branches,  I  believe,  comprehend  the  whole  subject 
of  chemical  agriculture ;  in  regard  to  all  of  them  we  shall  derive  either 
from  chemistry  or  geology  much  important  information. 

§  1.  Different  kinds  and  slates  of  matter. 

All  the  forms  of  matter  which  present  themselves  to  our  view, 
whether  in  the  solid  crust  of  the  globe  on  which  we  live,  in  the  air 
which  forms  the  atmosphere  by  which  we  are  surrounded,  or  in  the  bo- 
dies of  animals  and  plants— all  are  capable  of  being  divided  into  the  two 
great  groups  of  organic  and  inorganic  matter.  The  solid  rocks  and  soils, 
the  atmosphere,  3ie  waters  of  the  seas  and  oceans,  every  thing  which 
neither  is  nor  has  been  the  seat  of  life,  may  generally  be  included  under 
the  head  of  inorganic  matter.  The  bodies  of  all  living  animals  and 
plants,  and  their  dead  carcases,  consist  of  organic  or  organized  matter. 
These  generally  exhibit  a  kind  of  structure  readily  visible  by  the  eye, 
as  in  the  pores  of  wood,  and  in  the  fibres  of  hemp,  or  of  the  lean  of 
beef,*  and  are  thus  readily  distinguished  from  inorganic  matter,  in 
which  no  such  structure  is  observable. 

But  in  many  substances  of  organic  origin  also,  no  structure  is  obser- 
vable. Thus,  sugar,  starch,  and  gum,  are  formed  in  plants  in  great 
abundance,  and  yet  do  not  present  any  pores  or  fibres ;  they  have  never 
been  endowed  with  organs,  yet  being  produced  by  the  agency  of  living 
organs,  they  are  included  under  the  general  name  of  organic  matter. 
So  when  animals  and  plants  die,  their  bodies  undergo  decay,  but  the 
matter  of  which  ihey  are  composed  is  considered  as  of  organic  origin, 
not  only  as  long  as  any  traces  of  structure  are  observable,  but  even  after 
all  such  traces  have  disappeared.  Thus  coal  is  a  substance  of  organic 
origin,  though  almost  all  traces  of  the  vegetable  matter  from  which  it 
has  been  derived,  have  been  long  ago  obliterated. 

Again,  heat  chars  and  destroys  wood,  starch,  and  gum,  forming.black 
substances  totally  unlikt  the  original  matter  acted  upon.  By  distillation, 
wood  yields  tar  and  vinegar ;  and  by  fermentation,  sugar  is  converted 
first  into  alcohol,  and  then  into  vinegar.  All  substances  derived  from 
vegetable  or  animal  products  by  these  and  similar  processes  are  included 
under  the  general  designation  of  organic  bodies. 

*  The  ponm  of  wood  and  fibrei  and  miaate  ▼e«aeU  In  animals  being  the  organM  or  lostni* 
ments  of  life,  the  aubaUnces  tbemaeWei  are  caUed  organized  or  oiganlc^  l>^ 
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Now  if  we  take  a  portion  of  almost  any  of  those  numerous  forms 
of  matter  which  we  meet  with  either  in  the  inorganic  or  in  the  organic 
kingdoms,  we  find,  that  on  subjecting  it  to  certain  chemical  processes,  it 
is  capable  of  being  resolved  or  separated  into  more  than  one  substance. 
Thus  coal  when  put  into  a  gas  retort  is  resolved  into  tar,  coal  gas,  and 
certain  other  substances.  Wood,  when  treated  in  the  same  way,  yields 
pyroligneous  acid,  tar,  and  water,  and  leaves  behind  a  residue  of  char- 
coal. If  again  we  subject  charcoal  to  the  action  of  heat  (not  in  the 
open  air),  or  to  any  other  process  we  can  devise,  we  can  never  separate 
any  thing  further  from  it.  After  all  our  operations  we  obtain  only 
charcoal. 

So  a  piece  of  coiymon  lead  ore,  when  healed  in  a  similar  manner* 
will,  if  pure,  give  off  sulphur  only,  and  leave  the  lead  behind,  from  which 
nothing  but  lead  can  afterwards  be  extracted. 

Thus  it  is  evident  that  wood  and  the  ore  of  lead  diOfer  from  charcoal 
and  metallic  lead  in  this  respect,  that  the  former  consist  of  more  than  one 
kind  of  matter,  the  latter  of  one  kind  of  matter  only.  Hence  charcoal 
and  lead  are  called  simple  or  elementary  bodies,  while  wood  and  all  oth- 
er substances  which  are  capable  of  being  resolved  into  two  or  more 
different  kinds  of  matter  are  called  compound  bodies. 

The  diversified  forms  of  matter  which  present  themselves  to  our  no- 
tice in  the  mineral  crust  of  the  globe,  and  in  the  organs  and  vessels  of 
plants  and  animals,  are  absolutely  without  number.  We  can  no  more 
reckon  them  than  we  can  the  stars  of  heaven.  Yet  it  is  one  of  those  re- 
sults of  modem  chemistry  which  to  the  mind  not  yet  familiarized 
with  chemical  discoveries  appears  most  wonderful, — that  these  num- 
berless forms  of  matter  are  capable  of  being  resolved  into,  and  there- 
fore are  composed  or  made  up  of,  only  65*  of  those  simple  or  ele- 
mentary substances,  the  nature  of  which  has  been  above  explained. 
Occasionally  these  elementary  substances  occur  in  a  separate  state,  as 
in  native  [so  called  when  found  in  the  malleable  state,]  gold  and  silver, 
but  they  are  generally  found  associated  together,  forming  substances 
from  which  several  of  the  65  simple  bodies  may  be  extracted. 

All  the  material  substances  in  nature  consist  of  one  or  more  of  these 
55  elementary  bodies.  This  is  sufficiently  surprising,  yet  it  is,  if  pos- 
sible, still  more  remarkable  that  nearly  the  entire  mass  of  every  vege- 
table substance  may  be  resolved  into  one  or  more  of  four  only  of  these 
simple  substances. 

When  a  portion  of  animal  or  vegetable  matter  is  burned  it  either  en- 
tirely disappears  or  leaves  behind  it  only  a  small  quantity  of  ash.  Ani- 
mal and  vegetable  oils  and  fats,  gum,  sugar,  and  starch,  when  burned, 
disappear  entirely ;  a  piece  of  wood  or  of  lean  meat  leaves  a  small 
quantity  of  earthy  (inorganic)  matter  behind. 

Now  all  iliat  disappears  when  any  portion  of  .vegetable  matter,  of  any 
kind,  is  burned,  consists  generally  of  three,  and  only  in  some  rare  cases 

*  The  names  of  these  elpmenfary  lx>dies  are  u  follows :— Oxygen,  hydrogen,  nitrogen, 
Biilphur,  nelenlum,  phosphorus,  chlorine,  bromine,  iodine,  fluorine,  carbon,  boron,  silicon, 
potassium,  sodium,  iithium,  bariumo  strontium,  calcium,  ma*:ne3lum,  aluminium,  glucinium, 
yttrium,  zirconium,  thorium,  cerium,  lanthanium.  manganese,  iron,  cobalt,  nicicel,  zinc, 
cadmium,  lead,  tin,  bismuth,  copper,  uranium,  mercury  (quicksilver),  silver,  palladium, 
iridium,  platinum,  gold,  osmium,  tiianiom,  tantalum  (columbium),  tungsten,  molybdeoum, 
FaDadiam,  chromium,  antimony,  teimrium,  arsenic.  uigmzeu  oy  ^^^^pc  l^ 
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of  more  than  four,  of  the  elemeDtary  bodies.  These  four  are  carbon, 
oxygen,  hydrogen,  and  nitrogen.  With  the  exception  of  the  matter  in- 
destructible by  fire  (the  ash),  chemical  analysis*  has  hitherto  failed  todelecc 
the  presence,  in  any  notable  quantity,  of  more  than  these  four  substances. 
The  same  remarks  apply  with  almost  equal  truth  to  animal  substances. 
The  destructible  part  of  these  also  consists  of  the  same  four  elements. 

To  the  auriculturist,  therefore,  an  acquaintance  with  thefce  four  con- 
stituent parts  of  all  that  lives  and  grows  on  the  face  of  the  globe  is 
indispensable.  It  is  impossible  for  him  to  comprehend  the  laws  by 
which  the  operations  of  nature  in  the  vegetable  kingdom  are  conducted, 
nor  the  reason  of  the  processes  he  himself  adopts  in  order  to  facilitate  or  to 
modify  these  operations,  without  this  previous  kno\y ledge  of  the  nature 
of  the  elements — the  raw  materials  as  it  were— out  of  which  all  the 
products  of  vegetable  growth  are  elaborated. 

I  shall  first,  therefore,  exhibit  to  you  briefly  the  properties  of  these 
organic  constituents  of  plants,  in  order  that  we  may  be  prepared  fur  the. 
further  inquiries — by  what  means  or  in  what  form  they  enter  into  the  cir- 
culation of  plants— and  how,  when  they  have  so  entered,  they  are  con- 
verted into  those  substances  of  which  the  skeleton  of  the  plant  consists 
or  which  are  produced  in  its  several  organs. 

§  2.  Carbon^-^ts  properties  and  relations  to  vegetable  life. 

Carbon  is  the  name  given  by  chemists  to  the  substance  of  wood  char- 
coal in  its  purest  form.  When  wood  is  distilled  in  close  vessels,  or 
burned  in  heaps  covered  over,  so  as  to  prevent  the  free  access  of  air, 
wood  charcoal  is  left  behind.  When  this  process  is  well  performed,  the 
charcoal  consists  of  carbon  with  a  slight  admixture  only  of  earthy  and 
saline  matters,  which  remain  behind  on  burning  the  charcoal  in  the  air. 

Heated  in  the  air,  charcoal  burns  with  little  fiame,  and,  with  the  ex- 
ception of  the  ash  which  is  left,  entirely  disappears.  It  is  converted  into 
a  kind  of  air  known  among  chemists  by  the  name  of  carbonic  acid,  which 
ascends  as  it  is  formed  and  mingles  with  the  atmosphere. 

Charcoal  is  light  and  porous,  and  floats  upon  water,  but  plumbago  or 
black  lead  and  the  diamond,  which  are  only  other  forms  of  carbon,  are 
heavy  and  dense.  The  former  is  2i,  and  the  latter  3J,  times  heavier 
than  water.  The  diamond  is  the  purest  form  of  carbon,  and  at  a  high 
temperature  it  burns  in  the  air  or  in  oxygen  gas,  and^  like  charcoal,  dis- 
appears in  the  state  of  carbonic  acid  gas. 

Of  this  carbon  all  vegetable  substances  contain  a  very  large  |>onion. 
It  forms  from  40  to  50  per  cent.,  by  weight,  of  all  the  parts  of  plants 
which  are  cultivated  for  the  food  of  animals  or  of  man,  [that  is,  of  these 
plants  in  their  dried  state.]  In  the  economy  of  nature,  therefore,  it  per- 
forms a  most  important  part. 

The  light  porous  charcoals  obtained  from  wood  [especially  from  the 
willow,  the  pine,  and  the  box^,  and  from  animal  substances,  jwssess 
several  interesting  properties,  which  are  of  practical  application  in  the 
art  of  culture.  1^.  They  have  the  power  of  absorbing  in  large  quanti- 
ty into  their  pores,  the  gaseous  substances  and  vapours  which  exist  in 

*  Voder  the  general  name  of  chemical  andyiM  are  comprehended  the  various  procetsee 
by  which,  as  above  explained,  natural  forma  of  matter  may  be  resolved  or  separated  into 
tos  sereral  elements  or  simple  subataoces  of  which  ihey  cog^|^      ^^^^,^  i^ 
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the  aiiuosi)liere  ;•  and  on  this  property,  as  I  shall  explain  liereafier,  the 
use  of  charcoal  powder  as  a  manure  probahly  in  some  measure  depends. 
2°.  They  also  separate  from  water  any  decayed  animal  matters  or  col- 
ouring substances  which  i(  may  hold  in  solution ;  hence  its  use  in  filters 
for  purifying  and  sweetening  impure  river  or  spring  waters,  or  for  clari- 
fying syrups  and  oils.  This  action  is  so  powerful  that  i)ort  wine  is 
rendered  perfectly  colourless  by  filtering  through  a  well  prepared  char- 
coal. 

In  or  upon  the  soil  charcoal  for  a  time  will  act  in  the  same  manner, 
will  absorb  from  the  air  moisture  and  gaseous  substances,  and  from  the 
rain  and  from  flowing  waters  organized  matters  of  various  kinds,  any 
of  which  it  will  be  in  a  condition  to  yield  to  the  plants  which  grow 
around  it,  when  they  are  such  as  are  likely  to  contribute  to  their 
growth. 

3°.  They  have  the  property  also  of  absorbing  disagreeable  odours  in 
a  very  remarkable  manner.  Hence  animal  food  keeps  longer  sweet 
when  placed  in  contact  with  charcoal — hence  also  vegetable  substances 
containing  much  water,  such  as  potatoes,  are  more  completely  preserved 
by  the  aid  of  a  quantify  of  charcoal— and  hence  the  refuse  charcoal  of  the 
sugar  refiners  is  found  to  deprive  night-soil  of  its  disagreeable  odour,  and 
to  convert  it  into  a  dry  and  portable  manure.  4°.  They  exhibit  also 
the  still  more  singular  property  of  extracting  from  water  a  portion  of  the 
saline  substances  they  may  happen  to  hold  in  solution,  and  thus  allow- 
ing it  to  escape  in  a  less  impure  forai.  The  decayed  (half  carbonized) 
roots  of  grass,  which  have  been  long  subjected  to  irrigation,  may  act  in 
one  or  all  of  these  ways  on  the  more  or  less  impure  water  by  which 
they  are  irrigated—and  thus  gradually  arrest  and  collect  the  materials 
which  are  fitted  to  promote  the  growth  of  the  coming  crop. 

§  3.  Oxygen — its  properties  and  relations  to  vegetable  life. 
Oxygen  is  a  substance  with  which  we  are  acquainted  only  in  the  gas- 
eous or  aeriform  state. f  By  the  unaided  senses  it  cannot  be  distin- 
guished from  common  air,  being  void  of  colour,  taste  and  smell.  But 
if  a  lighted  taper  be  plunged  into  it,  the  flame  is  wonderfully  increased 
both  in  size  and  brilliancy,  and  the  taper  burns  away  with  great 
rapidity. 

The  effect  of  this  gas  upon  animal  life  is  of  a  similar  kind.  When 
a  living  animal  is  introduced  into  a  large  vessel  filled  with  oxygen,  the 
rapidity  of  the  circulation  is  increased,  all  the  vital  functions  are  stimu- 
lated and  excited,  a  stale  of  fever  comes  on,  and  after  a  time  the  ani- 
mal dies. 

By  these  two  characters,  oxygen  is  distinguished  from  every  other  ele- 
mentary body.  It  exists  in  the  atmosphere  to  the  amount  of  21  per  cent, 
of  its  bulk,  and  in  this  stale  of  air  is  necessary  to  the  existence  of  ani- 
mals and  of  plants,  and  to  the  support ^f  combustion  on  the  face  of  the 
globe.  It  exists  also  largely  in  water,  every  nine  pounds  of  this  liquid 
containing  eight  pounds  of  oxygen. 

•  Thus  of  ammonia  they  absorb  95  times  their  own  bulk,  of  sulphuretted  hydrogen  66  timet, 
of  oxygen  9  times,  of  hydrofst^n  nearly  twice  their  bullc,  and  of  aqueous  vapour  so  much  as  to 
Increase  their  weigiit  from  10  to  20  per  cent 

t  In  this  state  it  is  readily  obtained  by  healing  in  askss  retort  the  red  ozlde  of  mercury 
of  the  shops,  or  a  white  salt  known  by  the  name  of  chlorate  of^^a^^,^  ^jw^-t  i>^ 
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But  the  quantity  of  tliis  substance  which  is  stored  up  in  the  solid  rocks 
is  still  more  remarkable.  Nearly  one-half  of  the  weight  of  the  solid 
rocks  which  compose  the  crust  of  our  globe,  of  every  sohd  substance  we 
see  around^  us— of  the  bouses  in  which  we  live,  and  of  the  stones  on 
which  we  tread^^f  the  soils  which  you  daily  cultivate,  and  much  more 
than  one-half  by  weight  of  the  bodies  of  all  living  animals  and  plants, 
consist  of  this  elementary  body  oxygen,  known  to  us,  as  I  have  already 
said,  only  in  the  state  of  a  gas.  It  may  not  appear  surprising  that  any 
one  elementary  substance  should  have  b<^n  formed  b^  the  Creator  in 
such  abundance  as  to  constitute  nearly  one-half  by  weight  of  the  entire 
crust  of  our  globe,  but  it  must  strike  you  as  remarkable,  that  this  should 
also  be  the  element  on  the  presence  of  which  all  animal  life  depends— 
and  as  nothing  less  than  wonderful,  that  a  substance  which  we  know 
only  in  the  state  of  thin  air,  should,  by  some  wonderful  mechanism,  be 
bound  up  and  imprisoned  in  such  vast  stores  in  the  solid  mountains  of 
the  globe,  be  destined  to  pervade  and  refresh  all  nature  in  the  form  of 
water,  and  to  beautify  and  adorn  the  earth  in  the  solid  parts  of  animals 
and  plants.  But  all  nature  is  full  of  similar  wonders,  and  every  step 
you  advance  in  the  study  of  the  principles  of  the  art  by  which  you  live, 
you  will  not  fail  to  mark  the  united  skill  and  bounty  of  the  same  great 
Contriver. 

Oxygen  gas  is  heavier  than  common  air  in  the  proportion  of  about  ll 
to  10  [its  specific  gravity  by  experiment  is  1*10*26,  air  being  1]  ;  it  is 
also  capable  of  being  absorbed  by  water  to  a  certain  extent.  One  hun- 
dred measures  of  water  dissolve  6|  of  this  gas.  [De  Saussure.  Ac- 
cording to  Dr.  Henry,  100  volumes  of  water  absorb  only  3i  of  oxygen.] 
Rain,  spring,  and  river  waters,  always  contain  a  portion  of  oxygen 
which  they  have  derived  from  the  atmosphere,  and  this  oxygen,  as  they 
trickle  through  the  soil,  ministers  to  the  growth  and  nourishment  of  plants 
in  various  ways.  Some  of  these  will  be  explained  in  a  subsequent  lecture. 

In  an  atmosphere  of  pure  oxygen  gas,  plants  refuse  to  vegetate,  and 
speedily  perish. 

§  4.  Hydrogenf^U  properties  and  rdaHons  to  vegetable  life* 
Hydrogen  is  also  known  to  us  only  in  the  state  of  ^as,  and  when  per 
fectly  pure  aerees  with  oxygen  and  common  air  in  bemg  without  colour, 
taste,  or  smell.  It  is  not  known  to  occur  in  nature  in  a  free  or  simple 
state,  nor  does  it  exist  so  abundantly  as  either  carbon  or  oxygen.  It 
forms  a  small  per  centage  of  the  weight  of  all  animal  and  vegetable 
substances,  and  constitutes  one-ninth  of  the  weight  of  water,  but  with 
the  exception  of  coal,  it  does  not  enter  as  a  constituent  into  any  of  the  large 
mineral  masses  that  exist  in  the  crust  of  the  globe. 

AVben  a  lighted  taper  is  plunged  into  this  gas  it  is  immediately  ex- 
tinguished, but  if  in  contact  with  the  air  the  eas  itself  takes  fire  and  boms 
with  a  pale  yellow  flame.  If  previously  mixed  with  air  or  with  oxygen 
gas,  it  kindles  and  burns  with  a  loud  explosion.  During  this  combiis- 
tioii  water  is  formed.     [See  the  Second  Lecture.] 

It  does  not  support  life,  animals  cease  to  breathe  when  introduced  into 
it,  and  plants  gradually  wither  and  die.  It  is  the  lightest  of  all  known 
aubstances,  being  about  144  times  lighter  than  common  air,  so  that  if  the 
stopper  be  removed  from  a  bottle  in  which  it  is  contained  it  almost  imm^ 
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diately  escapes,  [its  specific  gravity,  by  experiment,  is  0'0687,  air  be- 
ing 1.]  It  is  the  element  which  is  employed  to  give  buoyancy  to 
balloons ;  and  by  this  great  levity  and  its  relations  to  flame  it  is  readily 
distinguished  from  all  other  known  substances. 

Water  absorbs  it  only  in  very  small  quantities,  100  gallons  taking  up 
DO  more  than  about  1|  gallons  of  hydrogen  gas.  But,  as  already  ob- 
served, this  gas  does  not  exist  in  nature  in  a  free  state — is  not  necessarv* 
therefore,  to  the  growth  of  plants  or  animals  in  this  state— and  hence  its 
insolubility  in  water  is  in  unison  with  the  general  adaptation  of  every 
property  of  every  body,  to  the  health  and  growth  of  the  highest  orders 
of  Jiving  beings. 

Hydrogen  gas  is  readily  obtained  from  water  by  putting  into  it  a  few 
pieces  of  metallic  iron  or  zinc,  and  adding  a  liule  sulpbunc  acid  (oil  of 
vitriol).  Bubbles  of  the  gas  are  liberated  from  the  surface  of  the  metal, 
ascend  through  the  water,  and  may  be  collected  on  the  surface. 

§  5.  Nitrogen — its  properties  and  relations  to  vegetable  life. 

Nitrogen  is  also  known  to  us  only  in  the  form  of  gas.  It  exists  in  the 
atmosphere  to  the  amount  of  79  |)er  cent,  of  its  bulk.  It  is  without 
colour,  taste,  or  smell.  Animals  and  plants  die  in  this  gas,  atid  a  taper 
is  instantly  extinguished  when  introduced  into  it ;  the  gas  itself  under- 
going no  change.  It  is  lighter  than  atmospheric  air,  in  the  proportion 
of  97i  to  100,  [its  density  is  0-976,  air  being  1.]  It  is  an  essential 
constituent  of  the  air  we  breathe,  serving  to  temper  the  ardour  with 
which  combustion  would  proceed  and  animals  live  iu  uuJuuted  oxygen 
gas.  It  forms  a  part  of  very  many  animal  and  of  some  vegetable'sub- 
stances,  but  it  is  not  known  to  enter  into  the  composition  of  any  of  tlie 
great  mineral  masses  of  which  the  earth*s  crust  is  made  up.  In  coal 
alone,  which  is  of  vegetable  origin,  it  has  been  detected  to  the  amount 
of  one  or  two  percent.  It  is  therefore  much  less  abundant  in  nature 
than  any  of  the  other  so  called  organic  elements-^and  it  exhibits  much 
less  decided  properties  than  any  of  them ;  yet  we  shall  hereafter  see 
that  it  performs  certain  most  important  functions  in  reference  both  to  the 
growth  of  plants  and  to  the  nourishment  of  animals. 

One  hundred  Volumes  of  water  dissolve  about  1}  volumes  of  this 
gas.*  Spring  and  rain  waters  absorb  it  as  they  do  oxygen,  from  the  at- 
mospheric air,  and  bear  it  in  solution  to  the  roots,  by  which  it  is  not  un- 
likely that  it  may  be  conveyed  directly  into  the  circulation  of  plants. 


Such  are  the  several  elementary  bodies  of  which  the  organic  or  de- 
tftmctible  part  of  vegetable  substances  is  formed.  With  one  exception 
they  are  known  to  us  only  in  the  form  of  gases ;  and  yet  out  of  these 
eases  much  of  the  solid  parts  of  animals  and  of  plants  are  made  up. 
When  alone,  at  the  ordinary  temperature  of  the  atmosphere  they  form 
invisible  kinds  of  air;  when  united,  they  constitute  those  various  forms 
of  vegetable  matter  which  it  is  the  aim  and  end  of  the  art  of  culture  to 
raise  with  rapidity,  with  certainty,  and  in  abundance.  How  difficult 
to  understand  the  intricate  processes  by  which  nature  works  up  these 
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nw  materials  into  her  many  beautiful  production*— ^et  how  interest- 
iogtt  must  be  to  know  her  ways,  how  useful  even  partially  to  find  them 
out! 


Permit  me,  in  conclusion,  to  submit  to  you  one  reflection.  We  have 
seen  that  oxygen,  hydrogen,  and  nitrogen,  are  all  gaseous  substances, 
which  when  pure  are  destitute  of  colour,  taste,  and  smell.  They  can- 
not be  distinguished  by  the  aid  of  our  senses.  Man  in  a  state  of  nature 
---uneducated  man—cannot  discern  that  they  are  difierent.  Yet  so 
simple  an  instrument  as  a  lishted  taper  at  once  shows  them  to  be  totally 
unlike  each  other.  This  simple  instrument,  therefore,  serves  us  in- 
stead of  a  new  sense,  and  makes  us  acquainted  with  propeities  the  ex- 
istence of  which,  without  such  aid,  we  should  not  even  have  suspected. 
Has  the  Deity  then  been  unkind  to  man,  or  stinted  in  his  benevolence 
in  withholding  the  gift  of  such  a  sense  ?  On  the  contrary,  he  has  given 
us  an  understanding  which  when  cultivated  is  better  than  twenty  new 
senses.  The  chemist  in  his  laboratory  is  better  armed  for  the  investi- 
ffation  of  nature,  than  if  his  organs  of  sense  had  been  many  times  mul- 
tiplied. He  has  many  instruments  at  his  comma  ad,  each  of  which, 
like  the  taper,  tells  him  of  properties  which  neither  his  senses  nor  any 
other  of  his  instruments  can  discover ;  and  the  further  bis  researches 
are  carried,  the  more  willing  does  nature  seem  to  reveal  her  secrets  to 
him,  and  the  more  rapidly  do  his  chemical  senses  increase.  Do  you 
think  that  tlie  rewards  of  study  and  patient  ex|)eriroental  research  are 
confined  to  the  laboratory  of  the  chemist,  and  that  the  Deity  will  prove 
less  kind  to  you,  whose  daily  toil  is  in  the  great  laboratory  of  nature  ? 
As  yet  you  see  but  faintly  the  reason  of  many  of  your  commonest  oper- 
ations, and  over  the  results  you  have  comparatively  little  control—but 
the  light  is  ready  to  spring  up,  the  means  are  within  your  reach — you 
have  only  to  employ  your  minds  as  diligently  as  you  labour  with  your 
handa,  and  ultimate  success  is  sure. 
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Otanctorlade  impartiM  of  oifiiiie  tDbttnee*— Kelative  proportioM  of  oifBiie  otanonto— 
Varfoble  proportkMM  of  iBoi|uilc  olomoDts  In  pUnt*-^oni  In  which  the  oisanlo  •!•• 
ments  are  taken  ap  hj  plent»— The  atmoephere,  its  conatltiiUoQ  and  relatione  to  tm etabfte 
life— Nature  and  lawa  of  chemical  combination— Water  and  Ua  rektiona  to  Tegetahle  life 

§  1.  CharaeieriBtic  properties  of  or  game  mcfrftonces* 

Or  the  four  elementary  substances  described  io  the  former  lecture,  the 
organic  part  of  all  animal  and  vegetable  substances  consists.  What  is 
iAn<leTStood  by  the  term  organic  has  also  been  explained. 

But  organic  substai^es  }.tMMess  certain  characters  by  which  they  are 
distinguished  from  the  inorganic  or  dead  matter  of  tne  globe,  and  on 
which  their  connection  with  the  principle  of  life,  and  with  the  art  of 
culture,  entirely  depends.  These  characteristic  properties  are  chiefly 
the  following : 

1°.  They  are  all  easily  decomposed  or  destroyed  by  a  moderately 
hi^  temperature.  If  wood  or  straw  be  healed  m  the  air,  as  over  the 
flame  of  a  candle,  it  becomes  charred,  bums,  and  is  in  a  great  measure 
dissipated.  So  sugar  and  starch  darken  in  colour  when  heated,  black- 
en, and  lake  fire.  The  same  is  true  of  all  vegetable  substances.  But 
limestone,  clay,  and  other  earthy  or  stony  matters,  undergo  no  appar- 
ent change  in  such  circumstances— they  are  not  decomposed. 

2°.  When  exposed  to  the  air,  especially  if  it  be  warm  and  moist, 
vegetable  and  animal  substances  putrify  and  decay.*  They  decom- 
pose of  their  own  accord,  and  afier  a  time  almost  entirely  disappear. 
Such  is  not  the  case  with  inorganic  matters.  If  the  rocks  and  stones 
crumble,  their  panicles  may  be  washed  away  by  the  rains  to  a  lower 
level,  but  they  never  putrify  or  wholly  disappear. 

3°.  They,  consist  almost  entirely  of  two  or  more  of  the  four  organic 
elements  only.  The  mineral  substances  we  meet  with  on  the  eanh*8 
surface,  and  collect  for  our  cabinets,  often  contain  portions  of  many  ele- 
mentary bodies;  but,  with  few  exceptions,  the  organic  part  of  all  plants^ 
that  wmcb  lives  aud  grows,  contains  only  the  four  simple  substances 
described  in  my  former  lecture. 

4°.  They  are  distinguished  also  by  this  Importai^  character,  that 
they  cannot  be  formed  by  human  art.  Many  of  the  inorganic  com- 
pounds which  occur  in  the  mineral  crust  of  the  globe  can  be  produced  by 
the  chemist  in  his  laboratory,  and  were  any  corresponding  benefit  likely 
to  be  derived  from  the  expenditure  of  time  and  labour,  tbere  is  reason  to 
believe  that,  with  a  few  exceptions,  nature  might  be  imitated  in  the  for- 
mation of  any  of  her  mineral  productions.  But  in  regard  to  organic  sub- 
stances, whether  animal  or  vegetable,  the  chemist  is  perfectly  at  fault. 
He  can  form  neither  woody  fibre,  nor  sugar,  nor  starch,  nor  muscular 
fibre,  nor  any  of  those  substances  which  constitute  the  chief  bulk  of  ani- 
mals and  plants,  and  which  serve  for  the  food  of  animated  beings. 

*  For  an  explanation  of  the  exact  natore  and  end  of  thla  pntnftctioD.  aee  lbs 
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This  b  an  impoitaiit  and  striking,  and  is,  I  believe,  likely  to  remain  a 
peniianeDt  distinction,  between  most  substances  of  organic  and  of  inor- 
ganic origin. 

Looking  back  at  the  vast  strides  which  orfi;anic  chemistry  has  made 
within  the  last  twenty  years,  and  is  still  continuing  to  make,  and  trust- 
ing to  the  continued  progress  of  human  discovery,  some  sanguine  chem- 
ists venture  to  anticipate  the  time  when  the  art  of  man  shall  not  only 
acquire  a  dominion  over  that  principle  of  life,  by  the  agency  of  which 
plants  now  grow  and  alone  produce  food  for  man  and  beast,  but  shall  be 
able  also,  in  many  cases,  to  imitate  or  dispense  with  the  operations  of  that 
principle :  and  to  predict  that  the  time  will  come  when  man  shall  man- 
ufacture by  art  those  necessaries  and  luxuries  for  which  be  is  now  whoUy 
dependent  on  the  vegetable  kingdom. 

And,  having  conouered  the  winds  and  the  waves  by  the  agency 
of  steam,  is  man  really  destined  to  gain  a  victory  over  the  nncertaxn  sea- 
sons too?  Shall  he  come  at  last  to  tread  the  soil  beneath  his  feet  as  a 
really  useless  thing—to  disregard  the  genial  shower,  to  despise  the  influ- 
ence of  the  balmy  dew— to  be  indifierent  alike  to  rain  and  drought,  to 
cloud  and  to  sunshine— to  laugh  at  the  thousand  cares  of  the  husband- 
man—to pity  the  useless  toil  and  the  sleepless  anxieties  of  the  ancient 
tillers  of  the  soil  ?  Is  the  order  of  nature,  tnrough  all  past  time,  to  be  re- 
versed—are  the  entire  constitution  of  society,  and  the  habits  and  pur- 
suits of  the  whole  human  race,  to  be  completely  altered  by  the  pro- 
gress of  scientific  knowledge  ? 

By  placing:  before  man  so  many  incitement  to  the  pursuit  of  know- 
ledge,  the  will  of  the  Deity  is  ,that  out  of  this  increase  of  wisdom  ha 
should  extract  the  means  of  increased  happiness  and  enjoyment  also. 
But  set  man  free  from  the  necessity  of  tilling  the  earth  by  the  sweat  of 
his  brow,  and  you  take  from  him  at  the  same  time  the  calm  and  traa- 
qoil  pleasures  of  a  country  life— (he  innocent  enjoyments  of  the  return- 
ing seasons— the  cheerful  health  and  happiness  that  wait  upon  labour 
in  the  free  air  and  beneath  the  bright  sun  of  heaven.  And  for  what? — 
only  to  imprison  him  in  manufactories,  to  condemn  him  to  the  fretful 
and  feverish  life  of  crowded  cities. 

To  such  ends,  I  trust,  science  is  not  destined  to  lead ;  and  he  is  not 
only  unreasonably,  but  thoughtlessly  sanguine,  who  would  hope  to  de- 
rive from  organic  chemistry  such  power  over  dead  matter  as  to  be  aUa 
to  fashion  it  into  food  for  living  animals.  With  such  consequences  be- 
fore us  it  seems  almost  sinful  to  wish  for  it. 

Yet,  that  this  branch  of  science  will  lead  to  great  ameliorations  in  the 
art  of  culture,  there  is  every  reason  to  believe.  It  will  explain  old  metb- 
oda— it  will  clear  up  anomalies,  reconcile  contradictory  results  by  ex- 
plaining the  principles  from  which  they  flow-^nd  will  suggest  new  meth- 
ods by  which  better,  speedier,  or  more  certain  harvests  may  be  reaped. 

§  2.  Relative  proportions  of  organic  dements. 
Though  the  substance  of  plants  consists  chiefly  of  the  four  organic  ele- 
ments, yet  these  bodies  enter  into  the  constitution  of  vegetables  in  very 
different  proportions.  This  fact  has  already  been  adverted  to  in  a  gen- 
eral manner :  it  will  appear  more  distinctly  by  the  following  statement 
of  the  exact  auaatitiea  of  each  element  contained  ia  1000  parts  by 
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weight  of  acime  of  the  more  important  kinds  of  Tegetable  tobela&ee  y^m 
are  in  the  habit  of  cultivating  :— 
Hay  from 


joang  Clover 

Clover-  After-math 

3  mus.  old. 

Oata. 

Seed. 

Hay. 

Peas. 

Wheat 

Hay. 

Poiatoet. 

Carbon  . 

507 

607 

49 1 

471 

465 

455 

458 

441 

Hydrogen 

66 

64 

58 

56 

61 

57 

50 

58 

Oxygen 

389 

367 

350 

349 

401 

431 

387 

439 

Nitrogen 

38 

22 

70 

24 

42 

34 

15 

12 

Ash  .    . 

.     Dot  Mated 

40 

28 

100 

31 

23 

90 

50 

1000*  lOOOf  lOOO^  lOOOt  lOOOt  1000»  lOOOf  lOOOf 

The  numbers  in  the  above  table  represent  the  constitution  of  the 

planu  and  seeds,  uken  in  the  state  in  which  they  are  given  to  cattle  or 

are  laid  up  for  preservation,  and  then  dried  at  230^  Fahrenheit.    By 

this  drying  they  lost  severally  as  follows : 

1000  parts  of  Potatoes  .    .    lost    •    •    .    722  parts  of  water 
ditto        of  Wheat    .    .     —    ...     166        ditto 
ditto        of  Hay    ...     —    .    .    .     158        ditto 
dhto        of  Aftermath  Hay  — -    .   136  lo  140        ditto 
ditto        of  Oats    ...     —    .     .     •    151        dittc 
ditto        of  Clover  Seed .     —    ...     112        ditto 
ditto        of  Peas    ...     —    ...      86        ditto 
In  crops  as  they  are  reaped,  therefore,  and  even  as  they  are  given  for 
food,  much  water  is  present.    When  artificially  dried,  the  carbon  ap- 
proaches to  one-half  of  their  weight*— the  oxygen  to  more  than  one- 
third§— the  hydrogen  to  little  more  than  5  per  cenf.-^nd  the  nitroffeo 
rarely  to  more  than  2|  per  cent.    These  proportions  are  variable,  hot 
they  represent  very  nearly  the  relative  weights  in  which  these  elements 
enter  into  the  constitution  of  those  forms  of  vegetable  matter  which  are 
raised  in  the  greatest  quantity  for  the  support  of  animal  life. 

But,  besides  the  organic  part,  vegetable  substances  contain  an  inor- 
ganic portion,  which  remains  behind  in  the  form  of  ash  when  the  plant  is 
consumed  by  fire,  or  of  dust  when  it  decomposes  and  disappears  in 
consenuence  of  natural  decay. 

In  the  dried  hay,  oats,  &c.,  of  which  the  composition  is  represented 
iDf  the  above  table,  we  see  that  the  quantity  of  ash  is  very  variable,  in 
oats  being  as  small  as  4  per  cent.,  while  of  hay  every  hundred  pound* 
left  10  of  ash.  A  similar  difference  is  observed  generally  to  prevail 
throughout  the  vegetable  kingdom.  Each  variety  of  plants  when 
burn^,  leaves  a  weight  of  ash,  more  or  less  peculiar  to  itself.  Herba- 
ceous plants  generally  leave  more  than  the  wood  of  tree»-«and  differ- 
ent parts  of  the  same  plant  yield  unlike  quantities  of  inorganic  matter.|| 

*  Booaaiogaalt  Annalea  de  Chim.  et  de  Pbya.  (1833)  lzvii.  p.  20  to  88. 

t  Ditto  ditto  (1839)  Lxzi.  p.  113  to  laS. 

}  Ditto  dklo  (1838)  Lxix.  p.  3G6. 

<  Tbia  win  appear  no  way  inconaiMent  with  the  atatement  in  the  former  I^eetare,  that 
oxygen  conatHmea  one-half  by  weight  of  all  tMng  ptanta,  when  It  la  recoUeeled  that  of  Hie 
water  driven  otTln  drying  theae  planta  eight-nimha  by  weight  coaalat  of  oxygen,  and  tijsl 
600  Iba.  of  graaa,  for  example,  yield  only  from  80  to  100  Iba.  of  hay. 

I  Thaa  of  the  oak,  the  dried  bark  left  fiO  of  aah— the  dried  leavea  63— the  dried  i 
4-HU)d  ths  dried  wood  only  3  paita  lo  a  UKHuaod ofaah.— De  ftiinaiiiii. 
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These  facts  are  of  great  importaDce  in  the  theory  and  in  the  eoHgbtened 
practice  of  agricalture.  They  will  hereafter  come  under  special  and 
detailed  consideration,  when  we  shall  have  examined  the  nature  of  the 
soils  in  which  plants  grow,  and  shall  be  prepared  to  consider  the  chemi- 
cal nature,  the  source,  and  the  functions,  of  the  inorganic  compounds 
which  exist  in  living  animal  and  vegetable  substances. 

§  3-  Of  Oiefonn  or  state  of  combination  in  which  the  organic  elements 
^  enter  into  and  minister  to  the  growth  of  plants. 

From  the  details  already  presented  in  tkie  preceding  Lecture,  io  re- 
H^rd  to  the  properties  of  carbon  and  nitrogen,  and  the  circumstances 
under  which  they  are  met  with  in  nature,— it  will  readily  occur  to  you 
that  neither  of  these  elementary  bodies  is  likely  to  enter  directly,  or  in  a 
simple  state,  into  the  circulation  of  plants.  'The  former  (carbon)  being 
a  solid  substance,  tmd  insoluble  in  water,  cannot  obtain  admission  into 
the  pores  of  the  roots,  the  onl}'  parts  of  the  plants  with  which,  in  nature, 
it  can  come  in  contact.  The  latter  (hydrogen)  does  not  occur  either  in 
the  atmosphere  or  in  the  soil  in  any  appreciable  quantity,  and  hence,  in 
its  simple  state,  forms  no  part  of  the  food  of  plants.  Oxygen  and  nitro- 
gen, again,  both  exidt  in  the  atmosphere  in  the  gaseous  state,  and  the 
former  is  known  to  be  inhaled,  under  certain  conditions,  by  the  leaves 
of  plants.  Nitrogen  may  also  in  like  manner  be  absorbed  by  the  leaves 
of  living  plants,  but,  if  so,  it  is  in  a  quantity  so  small  as  to  have  hitherto 
escaped  detection.  The  two  lattes  substances  (oxygen  and  nitrogen) 
are  also  slightly  soluble  in  water,  and,  besides  being  inhaled  by  the 
leaves,  may  occasionally  be  absorbed  in  minute  quantity  along  with  the 
water  taken  in  by  the  roots.  But  by  far  the  largest  proportion  of  these 
two  elementary  bodies,  and  the  whole  of  the  carbon  and  hydrogen 
which  find  their  way  into  the  interior  of  plants,  have  previously  entered 
into  a  state  of  mutual  combination— forming  what  are  called  distinct 
chemical  compounds.  Before  describing  the  nature  and  constitution  of 
these  compounds,  it  will  be  proper  to  explain,  1°.  the  constitution  of  the 
atmosphere  in  which  plants  live,  and,  2^.  the  nature  of  chemical  com- 
bination and  the  laws  by  which  it  is  regulated. 

§  4.  On  the  cofistitution  of  the  atmosphere. 

The  air  we  breathe,  and  in  which  plants  live,  is  composed  principal- 
ly of  a  mixture  of  oxygen  and  nitrogen  gases,  in  the  proportion  very 
nearly  of  21  of  the  former  to  79  of  the  latter.  It  contains,  however,  as 
a  constituent  necessary  to  the  very  existence  of  vegetable  life,  a  small 
per  centage  of  carbonic  acid.  On  an  average  this  carbonic  acid 
amounts  to  about  yji^j^jth  part*  of  the  bulk  of  the  air.  On  the  shores 
of  the  sea,  or  of  great  lakes,  this  quantity  diminishes;  and  it  becomes 
sensibly  less  as  we  recede  from  the  land.  It  is  also  less  by  day  than 
by  night  (as  3*38  to  4*32),  and  over  a  moist  than  over  a  dry  soil. 

The  air  is  also  imbued  with  moisture.  Watery  vapour  is  every 
where  diflTused  through  it,  but  the  quantity  varies  with  the  season  of 
the  year,  with  the  climate,  with  the  nature  of  the  locality,  with  its  alti- 

*  (MM  per  ceol.  The  mean  of  104  experimentii  made  bv  Baussare  at  GeneTa  at  all  Umee 
of  the  year  ami  of  the  (lay  gave  4  15  voUunee  lo  lOOUO.  the  maxlmam  waa  674,  and  Uie 
miDimum  315. 
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tnde,  and  with  its  distance  from  the  equator.  In  temperate  climateSi 
it  oscillates  on  the  same  spot  between  |  and  1^  per  cent,  of  the  weight 
of  the  air ;  being  least  in  mid-winter  and  greatest  in  the  hot  months  of 
summer.  There  are  also  mingled  with  the  atmosphere,  traces  of  the 
▼ast  variety  of  substances  which  are  capable  of  rising  from  the  surface 
of  the  earth  in  the  form  of  va|K)ur;  such,  for  example,  as  are  given  off 
hy  decaying  animal  or  veeetabie  matter-^which  are  the  produce  of 
disease  in  euher  class  of  bodies— or  which  are  evolved  during  the  oper- 
ations of  nature  in  the  inorganic  kingdom,  or  by  the  artiiiciaT  processes 
of  man.  Among  these  accfdental  vapours  are  to  be  included  those 
miasmata,  which,  in  certain  parts  of  the  world,  render  whole  districts 
un health Y,^-as  well  as  certain  compounds  of  ammonia,  which  are  infer- 
red to  exist  in  the  atmosphere,  because  they  can  be  delected  in  rain 
water,  or  in  snow  which  has  newly  fallen. 

In  this  constitution  of  the  atmosphere  we  can  discover  many  beauti- 
ful adaptations  to  the  wants  and  structure  of  animals  and  plants.  The 
exciting  eflfect  of  pure  oxygen  on  the  animal  economy  is  diluted  by  the 
large  admixture  with  nitrogen  ;^he  quantity  of  carbonic  acid  present 
is  sufficient  to  supply  food  to  the  plant,  while  it  is  not  so  great  as  to 
prove  injurious  to  the  animal ;— -«nd  the  watery  vapour  suffices  to 
maintain  the  requisite  moisture  and  flexibility  of  the  parts  of  both  or- 
dera  of  beings,  without  in  general  being  in  such  a  proportion  as  to  prove 
hurtful  to  either. 

The  air  also,  by  its  subtlety,  dilTuses  itself  everywhere.  Into  eveiy 
pore  of  the  soil  it  makes  its  way.  When  there,  it  yields  its  oxygen  or 
Its  carbonic  acid  to  the  dead  vegetable  matter  or  to  the  living  root.  A 
shower  of  rain  expels  the  half-corrupted  air,  to  be  succeeded  by  a  purer 
portion  as  the  water  retires.  The  heat  of  the  sun  warms  the  soil,  and 
expands  the  imprisoned  gases, — these  partially  escape,  and  are,  as  be- 
foie,  replaced  by  other  air  when  the  rays  of  the  sun  are  withdrawn. 

By  the  action  of  these  and  other  causes  a  constant  circulation  is,  to 
a  certain  extent,  kept  up,— between  the  atmosphere  on  the  surface, 
which  pla^s  among  the  leaves  and  stems  of  plants,  and  the  air  which 
mingles  with  the  soU  and  ministers  to  the  roou.  The  precise  effect  and 
the  importance  of  this  provision  will  demand  our  consideration  in  a  fu- 
ture lecture. 

§5.  Tke  nature  and  laws  of  chemical  cofnhination* 
The  terms  combine  and  combination  in  chemical  language  have  a 
•trict  and  precise  application.  If  sand  and  saw-dust  be  rubbed  togeth- 
er in  a  mortar  they  may  be  intimately  intermingled,  but  by  pouring  wa- 
ter on  the  mass  we  can  separate  the  particles  of  wood  and  leave  the 
sand  unchanged  behind.  So  if  we  stir  oatmeal  and  water  together,  we 
may  cause  them  perfectly  to  mix  together,  but  by  the  aid  of  a  gentle 
heat  we  can  expel  the  water  and  obtain  dry  oatmeal  in  its  original 
ooodition.  Or,  by  putting  salt  into  water,  it  will  dissolve  and  disappear, 
and  form  what  ia  called  a  solution,  but  by  boiling  it  down,  as  is  done 
in  our  salt-pans,  the  water  may  be  entirely  removed  and  the  salt 
procured  of  the  weight  originally  employed  and  possessed  of  its  original 
properties. 

In  none  of  these  cases  has  any  chemical  action  taken  place,  or  any 
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permaneot  change  been  produced,  u  pon  any  of  che  sabstances.  The  two 
fonner  were  merely  miztureB. 

In  all  cases  ofdiemical  action  a  permanent  change  takes  place  in  some 
9ftke  substances  employed ;  and  this  change  ia  the  result  either  of  a  chem- 
ical oambinalian,  or  of  a  chemical  derom position. 

Thus  when  sulphur  is  burned  iu  ihe  air,  it  is  converted  into  white  va- 
pours possessed  of  a  powerful  and  very  unpleasant  odour,  and  which 
continue  to  be  given  olT  until  the  whole  of  the  sulphur  is  dissipated. 

Here  a  solid  substance  is  permanently  changed  into  noxious  vapours 
which  disappear  in  the  air,  and  this  change  is  causedby  the  combination 
of  the  sulphur  with  the  oxygen  of  the  atmosphere. 

In  like  manner  when  limestone  is  put  into  a  kiln  and  strongly  heated 
or  burned,  it  is  changed  or  converted  into  quicklime— a  substance  very 
diderent  in  its  properties  from  the  natural  limestone  employed.  But 
.Ills  is  a  case  of  chemical  decomposition.  The  limestone  consists  of 
lime  and  carbonic  acid.  By  the  beat  these  are  separated,  the  latter  is 
driven  olTand  the  former  remains  in  the  kiln. 

Again,  when  a  jet  of  hydrogeu  gas  is  kindled  in  the  air  or  in  oxygen 

gas,  it  burns  with  a  pale  yellow  flame.  If  a  cold  vessel  be  held  over 
ils  flattie,  it  speedily  becomes  bedewed  with  moisture,  and  drops  of  wa- 
ter collect  upon  it.  How  remarkable  the  change  which  hydrogen  un- 
dergoes duruig  this  combustion  I  It  unites  with  the  oxygen  of  the 
atmosphere  and  forms  water.  How  diflerent  in  its  properties  is  this 
water  from  eiiiier  the  oxygen  or  the  hydrogen  by  the  union  of  which  it  is 
fijrmed!  The  former  a  liquid,  i he  latter  gases;  the  ftirmer  an  enemy 
to  all  combustion,  while  of  the  latter,  the  one  (hydrogen)  burns  readily, 
the  oiher  (oxygen)  is  the  very  life  and  support  of  combustion  iu  all  oth- 
er bodies. 

1^.  It  appears,  therefore,  that  chemical  combination  or  decomposition 
is  always  attended  by  a  permanent  change. 

2°.  That  when  combination  takes  place,  a  new  substance  is  formed 
difienng  in  its  properties  from  any  of  those  from  which  it  was  produced, 
or  of  which  it  consists. 

When  two  or  more  elementary  bodies  thus  unite  together  to  form  a 
new  substance,  this  new  substance  is  called  a  chemical  compound* 
Thus  water  is  a  compound  (not  a  mixture)  of  the  two  elementary  bodies 
oxygen  and  hydrogen. 

ffi)w  when  such  combination  takes  place,  it  is  found  to  do  so  always 
in  accordance  with  certain  fixed  laws.     Thus : 

L  Bodies  unite  together  only  in  con^tofit  and  fiefimie proportions.  We 
can  mix  together  oxygen  and  hydrogen  gases,  for  example,  in  any  pro- 
portion, a  gallon  of  the  one  with  any  number  of  gallons  of  the  other,  but 
if  we  bum  two  gallons  of  hydrogen  gas  in  any  greater  number  of  gallons 
of  oxygen,  they  will  only  consume  or  unite  whh  one  gallon  of  the  oxy- 
gen, the  rest  of  this  gas  remaining  unchanged.  A  quantity  of  water  will 
be  formed  by  this  union,  in  which  the  whole  of  the  hydrogen  will  be 
contained,  combined  with  all  the  oxygen  that  has  disappeared.  Under 
no  circumstances  can  we  burn  hydrogen  so  as  to  canse  it  to  consume 
more  oxygen,  or  from  a  given  weisht  of  hydrogen  to  produoe  more  than 
a  known  weight  of  water.  And  as  oxygen  is  nearly  sixteen  times 
heavier  than  nitrogen,  it  is  obvious  that  one  gallon  of  the  former  is  about 
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eight  times  heavier  than  two  gallons  of  the  latter,  so  that  by  weii^ht  theae 
two  gases,  when  thus  burned,  untie  toother  nearly  in  ihe  proportion 
of  1  to  8,— one  pound  of  hydrogen  forming  nine  pounds  of  water. 

Again,  when  pure  carbon  is  burned  in  the  air,  it  unites  with  a  fixed 
and  constant  weight  of  oxygen  to  form  carbonic  acid ;  it  never  unites 
with  more,  and  it  does  not  form  carbonic  acid  when  it  unites  with  less. 

Now  this  law  of  fixed  and  definite  proportions  is  found  to  hold  in  re- 
gard to  all  bodies,  and  in  all  cases  of  chemical  combination.    Thus  we 
have  seen  that^- 
B7  weifht  B  J  weight 

1  of  hydrogen  combines  with  8  of  oxygen  to  form  water. 

So  6  of  carbon  combine .     .    .     8 carbonic  oxide, 

and  14  of  nitrogen 8 nitrons  oxide. 

Hence  1  of  hydrosen,  6  of  carbon,  and  14  of  nttroffen  unite  respec- 
tively with  the  weight  (8)  of  oxygen.  These  several  numbers,  there- 
fore, are  said  to  be  eqwoaUni  to  each  other  (they  are  equivalent  numbers). 
Or  they  represent  the  fixed  and  definite  proportions  in  which  these  seve- 
ral substances  combine  together  (they  are  definite  proportionaU),  Some 
chemists  consider  these  numbers  to  represent  the  relative  weighs  of  the 
atoms  or  smallest  particles  of  which  the  several  substances  are  made  up, 
and  hence  not  unfrequently  speak  of  them  as  the  atomic  weights  of  these 
substances,  or  more  shortly  thfir  atoms. 

For  the  sake  of  brevity,  it  is  often  useful  to  represent  the  simple  01 
elementary  bodies  shortly  by  the  initial  letter  of  their  names.  Thus 
hydrogen  is  represented  by  H,  carbon  by  C,  and  nitrogen  by  N,  and 
these  letters  are  ased  to  denote  not  only  the  substances  themselves,  hot 
that  quantity  which  is  recognised  as  its  equivalent,  proportionalt  or 
atomic  weight.    Thus : 

Bqnlralent 
^Tinbol.  or  atomic  Kune. 

weifbts. 

H  denotes  1  by  weight,  of  hydrogen. 

C.     .     •    6 carbon. 

O.     .    .    8 oxygen. 

N.     .    .  14* nitrogen. 

Chemical  eombiination  is  expressed  shortly  by  placioff  these  letters  io 
jasta-position,  or  sometimes  in  brackets,  with  tlie  sign  plus  (+)  between 
them.  Thus  HO  or  (H  +  O)  denotes  the  combination  of  one  atom  or 
equivalent  of  hydrogen  with  one  of  oxygen,  that  is,  water ;  and  at  the 
same  time  a  weight  of  water  (9),  equal  to  the  sum  of  the  atoooic  weights 
(1  -h  8)  of  hydrogen  and  nitrogen. 

A  number  prefixed  or  appended  to  a  symbol,  denotes  that  so  many 
equivalents  or  the  substance  represented  by  the  symbol  are  meant,  as 
that  number  expresses.  Thus  2  H O,  3  H  O,  or  3  (H  +  O),  mean  two 
or  three  equivalents  of  water,  3  H,  or  H3  three  equivalents  of  hydrogen, 
and  4  C  or  C4,  2  N  or  N,,  four  of  carbon  and  two  of  nitrogen  respec- 
tirely. 

II.  Not  only  are  the  qwrntiHes  of  the  substances  which  unite  together 
definite  and  constant,  but  the  properties  or  qtialities  of  the  substancea 
formed  are  in  general  equally  so.    The  properties  of  pure  water  or  o^ 

•  lla«ean.etlyl,e.l8»8H)13.«dm|^^G00gIe 
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MtboDic  acid  are  ooiwtanc  and  invariable  under  wbateyer  circumitaneee 
they  may  be  formed,  and  the  elements  of  which  they  ooosiBt,  when  they 
eombiae  together  in  the  same  proporttoos,  are  never  known  to  form  any 
other  compounds  but  water  and  carbonic  acid. 

This  law,  however,  thooe h  generally,  is  not  universally  true.  Many 
substances  are  known  which  contain  the  same  elements  united  together 
in  the  same  proportions,  and  which,  nevertheless,  possess  very  diSerent 
ixopeities.  Oil  of  turpentine  and  oil  of  letnons  are  in  this  condition. 
They  both  consist  of  the  same  elements,  carbon  and  hydrogen,  united 
together  in  the  same  proportions,  and  yet  their  sensible  properties  as  well 
as  their  chemical  relations*  are  very  dissimilar. 

Cane  sugar,  starch,  and  gum,  all  of  them  abundant  products  of  the 
▼egetable  kingdom,  consist  also  of  the  same  elements,  carbon,  hydro- 
gen, and  oxygen,  united  together  in  the  same  proportions,  and  may  even 
be  represented  by  the  ssime  formula  (Cjs  Hio  O|o)tf  and  yet  these 
aobetanees  are  as  nnlike  to  each  other  in  their  propenies,  as  niany 
bodies  are  of  which  the  chemical  composition  is  very  difierent.  Txi 
oomponnds  thus  differing  in  their  properties,  and  yet  containing  the 
same  elements,  in  the  same  proportions,  chemists  have  given  the  name 
cilsomeru;  badiet.  I  shall  have  occasion  to  make  you  more  familiar 
wiih  some  of  tbem  hereafter. 

3°.  Another  important  law  by  which  chemical  combinations  are 
regulated,  is  imowrx  by  tl^e  name  of  the  law  of  muUipU  propartion*^ 
Some  substances  are  observed  to  be  capable  of  uniting  together  in  more 
than  one  proportion.  Thus  carbou  unites  with  oxygen  in  several  pro* 
portions,  forming  carbonic  oxide,  carbonic  acid,  oxalic  acid,  dec*  Now 
when  such  is  the  case,  it  is  found  that  the  quantity  (the  weight)  of  each 
aabstance  which  enters  into  the  several  compounds,  if  not  actually  re- 
presented by  the  equivalent  number  or  atomic  weight,  is  represented  by 
some  simple  multiple  of  that  number.  Thus  two  equivalents  of  carbon 
vnite  with  2,  3,  or  4  equivalents  of  oxygen,  to  form  carbonic  oxide, 
oxalic  acid,  and  carbonic  acid  respectively, — wbile  one  of  nitrogen  unites 
with  1,  2,  3,  4,  or  5  of  oxygen  to  form  a  series  of  compounds,  of  which 
the  last  (N  O5),  nitric  acid,  it  the  only  one  I  shall  have  frequent  occa- 
sion to  speak  of  in  the  present  lectures. 

This  law  of  multiple  proportions,  though  of  great  importance  io 
chemical  theory,  f  do  not  further  illustrate,  as  we  %all  have  very  little 
occasioa  to  refer  to  it  in  the  discusnon  of  the  several  topics  which  will 
hereafter  come  before  us. 


Having  thus  briefly  explained  the  natnre  and  laws  of  chemical  com- 
bination, I  proceed  to  make  you  acquainted  with  those  chemical  com- 
pounds of  the  organic  elements  which  are  known  or  are  supposed  to 
minister  to  the  growth  of  plants. 

The  number  of  compounds  which  the  four  organic  elements  form 
with  each  other  is  almost  endless ;  but  of  this  number  a  very  few  only 

*  Bt  the  ebemical  relaUont  of  »  subitance  are  meant  thm  efltoa  which  an  prodocei 
epon  b  by  contact  with  other  chemical  aabetaacea. 

t  Thle/arwwfa  mean  Uwt  atarob,  gum,  and  angar,  cooaiat  of  12  eqolvalenls  of  eartwa 
MUad  to  10  or  hydrogen  and  10  of  osygeik  l.  g,  ,zeu  oy  ^^^^  i^ 
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are  ktxywn  to  minister  directly  to  tlie  growth  or  noiirishiDeiit  oT  ptems^ 
Of  these,  water,  carbonic  acid,  amoxmia,  and  nitric  acid,  are  the  most 
important ;  but  it  will  be  necessary  sliortly  to  advert  to  a  few  otheis,  of 
the  occurrence  or  production  or  action  of  which  we  may  lieveafter  hiiv% 
occasion  to  speak. 

§  6.  OfwaUr  and  its  rdoHons  to  vegetable  life. 

Water  is  a  compound  of  oxygen  and  hydrogen  in  the  pfopoitioot  as 
already  stated,  of  8  of  the  former  to  1  of  the  latter  by  weignt,  or  oif  1 
Yoluma  of  oxygen  to  2  of  hydrogen. 

It  is  more  universally  diffused  throughout  nature  than  any  other 
chemical  compound  with  which  we  are  acquainted,  performs  most  im- 
portant functions  in  reference  to  animal  and  vegetable  life,  and  is  en- 
dowed with  properties  by  which  it  is  wonderfully  adapted  lo  the  exist* 
ing  condition  of  things. 

We  are  familiar  with  this  substance  in  three  several  states  of  cube* 
su>n,-*in  the  solid  form  as  ice,  in  the  fluid  as  water,  and  in  the  gaseous 
as  steam.  At  32<^  F.  and  at  lower  temperatures,  it  continues  Mlidf  at 
higher  temperatures  it  melts  and  forms  a  liquid  (water),  which  a 
213°  F.  begins  to  boil  and  is  converted  into  steam.  By  this  change  its 
bulk  is  increased  1700  times,  and  it  becomes  nearly  two-fifilis  lighter 
than  common  air,  [common  air  being  1,  steam  is  0*62.]  It  therefore 
readily  rises  into  and  diffuses  iuelf  through  the  atnaospbere. 

I.  There  are  only  one  or  two  circumstances  in  which  water  in  the  solid 
form  materially  affects  or  interferes  with  the  labours  of  the  agriculturist. 

1°.  During  the  frost  of  a  severe  winter,  ihe  soil  contracts  and  appears 
to  shrink  in.  But  the  water  contained  in  its  pores  freezes  and  expands* 
and  the  minute  crystals  of  ice  thus  formed  separate  the  panicles  of  the 
soil  from  each  other.  This  expansion  of  the  water  in  dry  soils  may  not 
be  equal  to  the  natural  contraction  of  the  soil  itself,  yet  still  it  is  soffi* 
cient  to  cause  a  considerable  separation  of  the  earthy  particles  through-^ 
out  (be  whole  frozen  mass.  When  a  milder  tero|)erature  returns,  and  a 
thaw  commences,  the  soil  expands  and  gradually  returns  lo  iu  former 
bulk ;  but  the  outer  layers  thaw  first,  and  the  particles  being  previously 
separated  by  the  crystals  of  ice,  and  now  loosened  by  the  thaw,  fell  off 
or  crumble  down,  and  thus  the  soil  becomes  exposed  to  the  mellowing 
action  of  the  atmosphere,  which  is  enabled  everywhere  to  pervade  it. 
On  heavy  clay  land  thii  effect  of  the  winter's  frost  not  nnfrequemly 
proves  very  beneficial.* 

2°.  In  the  form  of  snow  it  has  been  often  supposed  to  be  beneficial  to 
winter  wheat  and  other  crops.  That  a  heavy  fall  of  snow  will  shelter 
and  protect  the  soil  and  crop  from  the  destructive  effects  of  any  severe 
cold  which  may  follow,  there  can  be  no  doubt.  It  forms  a  light  porous 
covering,  by  which  the  escape  of  heat  from  the  soil  is  almost  entirely 
prevented.  It  defends  the  young  shoots  also  from  those  alternations  of 
temperature  to  which  the  periodical  return  of  the  sun*s  rays  continually 

*  Tliti  alteniale  contraction  and  ezpanaion  Is  often  Injurious  to  (be  practical  tarmer  In 
thrvteing  out  his  winter  wheat.  Some  varieties  are  said  lo  be  mora  thrown  out  Uaan  oUiera, 
and  this  pecoUarftr  Is  someUmes  ascribed  to  the  longer  and  stronger  roots  which  shoot  tnm, 
one  varietj  than  from  another;  It  may,  however,  be  occaslooallr  owing  to  the  dillbreot  n»- 
lura  or  the  soils  In  which  the  tifaJs  have  been  naile,  or  whaa,  ia  Che  mom  soil,  la  the  dlflbr- 
sat  stales  of  drTness  at  different  times.  i^m-^wmw. 
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exposes  ttiem  $*  and  when  a  thaw  arrives,  br  slnrly  meking,  it  elkiwa 
the  tender  herbage  gradually  to  accustom  itself  to  the  milder  atmosphere. 

In  this  manner  there  is  no  doubt  that  a  fall  of  snow  may  often  be  of 
great  service  to  the  practical  farmer.  But  some  believe  that  winter 
wheat  actually  thrites  under  snow.  On  this  point  I  camiot  speak  from 
personal  knowledge,  bat  I  will  here  mention  two  facts  conceraisg  snow, 
which  may  possibly  be  connected  with  iu  supposed  nourishing  ouality. 

In  the  ma  place,  snow  generally  contains  a  certain  quantity  of  ammo- 
nia, or  of  animal  matter  which  gives  off  ammonia  during  its  decay. 
This  qmnttty  is  variable,  and  is  occasionally  so  small  as  lo  be  very  dif- 
ficult of  detection.  Liebig  found  it  in  the  snow  of  the  neighbourhood  of 
Oiessen,  and  I  have  this  winter  detected  traces  <^  it  in  tlie  snow  which 
fell  in  Dnriiamf  during  two  separate  storms.  This  ammonia  is  present 
in  greater  quantity  in  the  first  portions  that  fall  and  lie  nearest  the  plant. 
Hence  if  the  plant  can  grow  beneath  the  snow,  this  ammonia  may  affect 
its  growth ;  or  when  the  first  thaw  comes  it  may  descend  to  the  root,  and 
may  there  be  imbibed.  Kain  water  also  contains  ammonia,  but  when 
ndn  fidls  in  large  quantity  it  runs  off  the  land,  and  may  do  less  good  than 
the  snow,  which  lies  and  melts  gradually.  [For  the  properties  of  am- 
moBia,  see  Lecture  III.] 

Another  singular  property  of  snow  is  the  power  it  possesses  of  ab- 
sorbing oxygen  and  nitrogen  from  the  atmosphere,  in  proportions  very 
different  from  those  in  which  they  exist  in  the  air.  The  atmosphere,  as 
already  stated,  contains  21  percent,  of  oxygen  by  volume  (or  bulk),  but 
the  air  which  is  present  in  the  pores  of  snow  has  been  found  bv  various 
observers  lo  contain  a  much  smaller  quantitv.  Boussingault  [Annalen 
der  Physick  (Poggendcirf),  xxxiv.,  p.  211,]  obtained  from  air  disengaged 
by  melting  snow  17  per  cent,  of  oxygen  only,  and  De  Saussure  found 
still  less.  The  difficulty  of  respiration  experienced  on  very  big^  moun- 
tains has  been  attributed  to  the  nature  or  the  air  liberated  from  snow 
when  melted  by  the  sun's  rays.  Whether  the  air  retained^unong  the 
pores  of  the  snow,  which  in  severe  winters  covers  our  com-fields,  be 
equally  deficient  in  oxygen  with  that  examined  by  Boussingault,  and 
whether,  if  it  be,  the  abundance  of  nitrogeo  can  at  all  affect  vegetation, 
are  matters  that  still  remain  undetermined. 

IL  In  the  fluid  state,  that  of  water,  the  aaency  of  this  compound  in 
reference  to  vegetable  life,  though  occasioniuly  obscure,  is  yet  every- 
where discermble. 

Pure  water  is  a  colourless  transparent  fluid,  destitute  of  either  taste  or 

*  The  eilbcts  of  wach  attenatloM  uv  teen  oo  the  oceanmnee  of  a  night* ■  liroit  to  ■priof  . 
if  the  sun'o  nym  i«ll  in  the  early  moraiDg.  oa  a  frozen  ahoot,  it  droopt,  wkben,  and  biaet  • 
en*— It  la  deatroyed  by  the  froaC.  If  the  plant  be  lo  a  ahaded  apot,  where  the  aiin  doea  net 
rea^  it  till  alter  the  whole  atmoaphere  baa  been  gradually  heated,  and  the  firosen  tiaaue 
alowly  thawed,  ita  leavea  sustain  IllUe  Injunr,  and  the  warmth  of  the  aun'a  rays,  inatead  of 
injttnng,  cherlah  and  invigorate  it.  Tbla  eflect  of  ntdden  aliematlona  of  temperature  on  or* 
ganic  matter  explains  man/  phenomena,  to  which  It  would  here  be  out  of  place  to  advert. 

A  thick  light  covering  of  porous  earth  not  beaten  down  preserves  the  potatoe  pit  from  the 
eflbcts  of  the  frost  beuer  than  a  solid  compact  coating  of  clay,  in  Uie  same  way  aa  snow 
protecta  the  herbsge  better  than  a  aheet  oi  ice;  anci  it  la  because  of  the  porosity  of  the 
eovering,  that  ice  may  be  preserved  more  eflbetnally,  and  for  a  longer  period,  In  a  almilar 
pit,  than  In  many  well-conatrocted  ice-houses. 

t  By  adding  two  drops  of  sulphuric  acid  to  four  pints  of  snow  water,  evaporating  to  drx- 
nesB,  and  mbcfng  the  dry  mass  with  quicklime  or  caustic  potash.  The  residual  mesa  con* 
tainad  a  brown  orgaale  matter,  mixed  with  the  niphats  of  amawnla. 
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smell.  It  enters  largely  into  tbe  conetitotkni  of  aU  liviog  mAnmi»  and 
plants,  and  forms  upwards  of  one  half  of  the  weight  of  all  the  newly 
gatheried  Tcgetable  substances  we  are  in  the  habit  of  cultivating  or  col- 
lecting for  the  use  of  man.     [See  page  30.] 

Not  only  does  it  enter  thus  largely  into  the  constitution  of  all  ani- 
mals and  plants,  but  in  the  eaistiog  economy  of  nature  its  pfesance  ia 
large  quantities  is  absolotelv  necessary  to  the  persistence  of  animal  and 
vegetable  life.  In  the  midst  of  abundant  springe  and  showerSi  plants 
shoot  forth  with  an  amazinff  rapidity,  while  they  wither,  droop|,  and  diob 
when  water  m  withheld.  How  much  the  manifestation  of  IMe  is  de- 
pendent upon  its  presence,  is  beautifully  illnstrated  by  some  of  the  hum- 
bler tribes  of  plants.  Certain  mosses  ean  be  kept  long  in  the  berbaiium, 
and  yet  will  revive  again  when  the  dried  specimens  are  immerMd  in 
water.  At  Manilla  a  species  of  Lycopodium  grows  upon  the  rocks, 
which,  though  kept  for  years  in  a  dried  state,  revives  and  expands  its 
foliage  when  placed  in  water  [the  Spaniards  call  it  Triste  de  Coraxoo, 
Sorrow  of  the  Heart.— Btini«r«  Wanderings^  p.  72.]  Thus  life  linfsis 
as  U  were,  unwilling  to  depart  and  rejoiciog  to  display  itself  again,  ^um 
the  moisture  returns.* 

There  are,  however,  three  s|)ecial  properties  of  water,  which  are  in 
a  high  degree  interesting  and  important  to  the  practical  agricultmist, 
and  to  which  I  beg  to  direct  your  particular  attention.    ThcM  are: 

1^.  Its  solvent  power; 

2^.  Its  aiiinity  for  certain  solid  substances ;  and, 

3°.  The  degree  of  affinity  by  which  its  own  elements  are  held  to> 
gether. 

1°.  When  pure  boiled  water  is  exposed  to  the  air,  it  gradually  at»- 
sorbs  a  quantity  of  the  several  gases  of  which  the  atmosphere  is  com- 
posed, and  acquires  more  or  less  of  a  sparkling  appearance  and  an  agre»- 
able  taste.  The  air  which  it  thus  alnorbs  amounts  to  about  ^h  of  its 
own  bulk,  and  it  entirely  expelled  by  boiling.  When  thus  expelled, 
this  air,  lixe  that  obtained  from  snow,  is  found  on  examination  to  contaia 
the  oxygen,  niuogen,  and  carbonic  acid  in  proportions  very  difierentfrom 
those  m  which  they  exiM  in  the  atmosphere.  In  the  latter,  oxygen  b 
present  to  the  amount  of  only  21  per  cent,  by  volume,  while  the  air  ali- 
sorbed  by  water  contains  30  to  32  per  cent,  of  the  same  gas.  In  like 
manner,  the  piean  quantity  of  carbonic  acid  in  the  air  does  not  exceed 
1-^l^h  parts  (0*05  per  cent.)  of  its  bulk,  while  that  expelled  from  water, 
which  has  been  long  exposed  to  the  air,  varies  from  11  to  60  ten  thou- 
sand parts  (0-11  to  0'6t  per  cent.) 

*  In  tome  tpeclei  of  animals,  life  la  In  like  manner  ■oapended  hj  the  abeenee  of  wtter. 
The  Inhabitants  of  some  land  and  eren  marine  shells  may  oe  dried  and  preserred  for  a  long 
time  In  a  sum  of  torpor,  and  aflerwards  revived  bj  Immenrion  in  water.  The  CerUkbim 
Armatum  has  been  brotuht  from  the  Mauritius  in  a  dry  state,  while  snails  are  said  to  hav* 
been  revived  after  being  dried  for  15  years.  The  vibrio  tritici  (a  species  of  wormx  was  re- 
stored byMr.  Bauer,  after  an  apparent  death  of  nearty  aix  years,  by  merely  soakinx  U  tn 
water.  The  Fureularia  AnaHobea^  a  smaQ  microscopic  animal,  may  be  made  to  undens 
apparent  death  and  resuscitation  many  times,  by  alternate  drying  and  moistening.  Accoftl. 
Ing  to  Spallanzani,  animalcuU  have  been  recovered  bv  moisture,  after  a  torpor  of  77  yean. 
These  nets  tend  to  lessen  oor  sorprise  at  the  alleged  longeTity  of  the  seeds  of  plants. 

t  Of  these  gases  when  onmized,  water  absorbs  rerj  different  quamlUea.  Thoa  100  vo- 
tomes  of  water  at  W>  P.^absort)8«  of  oxygen,  1-68  of  hydngeo,  I^  of  nttragen,  (Awjb) 
106of  6irtMmieaeid,or7800of  unaioiila. 
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TbM  wfaeo  "waier  Iklls  in  rain  or  triekle*  akinf  fh«  tiirftioe  of  tba 
land,  it  absorbs  ihese  gaaeoua  0ifb«tance%  carries  t^m  with  it  wbersver 
It  goes,  conveys  them  to  the  roots,  and  into  the  eiivulatioo  of  plants,  and 
thus,  as  we  shall  hereafter  see,  makes  them  all  minister  to  the  growth 
and  nourishment  of  liTing  TegetaUes* 

Again,  water  possesses  the  power  of  dissolving  many  solid  sobetanees* 
If  su^  or  salt  be  mixed  with  water  in  certain  (jnantities,  they 
speedily  disappear.  In  like  manner,  aaanjy  other  bodies,  both  simpfe 
and  compoond,  are  taken  np  by  this  liqnMl  in  greater  or  less  qoan- 
li|^,  and  can  only  be  recovered  by  driving  off  the  water,  through  the  aid 
ofbeat. 

Thns  it  happens  that  the  water  of  our  springs  and  rivers  is  never 
pore,  but  holds  in  solution  more  or  less  of  certain  soHd  substances* 
Even  rain  water,  washing  and  purifying  the  atmosphere  as  It  descends, 
brings  down  portions  of  solid  matter  which  had  previously  risen  into  the 
air  in  the  form  of  vapour,  and  as  it  afterwards  flows  along  or  sinks  into 
the  surface  of  the  soil,  it  meets  with  and  dissolves  othersolid  substances, 
the  greater  portion  of  which  it  carries  with  it  wherever  it  enters.  In 
this  way  solid  substances  are  conveyed  to  the  nois  of  plants  in  a  fluid 
form,  which  enables  them  to  ascend  with  the  sap ;  and  the  supply  of 
these  naturally  solid  substances  is  constantly  renewed,  by  the  succes- 
sive passage  of  new  portions  of  flowing  water.  We  shall  hereafter  be 
able  to  see  more  clearly  and  to  appreciate  more  jastly  this  beautiful  ar« 
rangement  of  nature,  as  well  as  to  nndeivtand  how  indispensable  it  is  to 
the  continued  fertility  of  the  soil. 

Nor  is  it  merely  earthy  and  saline  substances  which  the  water  dls^ 
solves,  as  it  thus  percolates  through  the  soil.  It  takes  up  also  sob- 
stances  of  organic  origin,  especially  portions  of  decayed  animal  and  ve- 
getable matter,— «uch  as  are  supposed  to  be  capable  of  ministering  to 
theeiowth  of  plant8,*^8nd  brings  them  within  reach  of  the  roots. 

This  solvent  power  of  water  over  solid  substanoes  is  increased  by  an 
elevation  of  tenaperamre.  Warm  water,  for  example,  will  dissolve 
Epsom  salts  or  oxalic  acid  in  much  larger  quanthy  than  oold  water 
will,  and  the  same  is  true  of  nearly  all  soKd  substances  which  this  fluid 
is  capable  of  holding  in  solution.  To  this  increased  solvent  power  of 
the  water  thev  abwrb,  is  ascribed,  among  other  causes,  the  peculiar 
character  of  the  vegetable  productions,  as  well  as  their  extraordinary 
luxttrianoct  in  many  tropical  countries. 

2^.  But  the  ajfmhf  which  water  exhibits  for  many  solid  substances  ts 
little  lets  important  and  remarkable. 

When  newly  burned  lime  is  thrown  into  a  Umited  quantity  of  water 
the  latter  is  absorbed,  while  the  Kme  heato,  cracks,  swells,  and  finally 
foils  to  a  white  powder.  When  thus  perfectly  slaked,  it  is  found  to  be 
one-third  heavier  than  before— •every  three  tons  having  absorbed  one 
ton  of  water.  This  water  is  retained  in  a  solid  form,  more  solid  than 
water  is  when  in  the  state  of  ice,-  and  it  cannot  be  entirely  separated 
from  the  lime  without  the  application  of  a  red  heat.  When  vou  lay 
npon  your  land,  therefore,  foor  tons  of  slaked  lime,  yon  mix  with  your 
soil  one  ton  of  water,  which  the  lime  afterwards  gradually  gives  up, 
cither  in  whole  or  in  part,  as  it  combines  with  other  subsuinces.  To 
this  fact  we  shall  return  when  we  hsiaaftwr  oonsider  the  various  ways 
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in  which  Ume  actti  when  it  i»  empkiyed  by  the  Ihrmer  for  the  pfupose 
of  improving  bit  land.  [See  the  rabeeqiieni  leoutre^  ^  Om  (he  adion  of 
lime  token  employed  ae  a  numaire.'*] 

For  clay  also,  water  has  a  eoneiderable  affinity,  though  by  no  meant 
equal  to  inat  which  it  display*  tor  qnicklirae.  HeDee«  even  in  well* 
drained  day  lands,  the  hottest  sommer  does  not  entirely  rob  the  clay  of 
its  water.  It  cracks,  contracts,  and  becomes  hard,  yet  still  retains 
water  enough  to  keep  its  wheat  crops  green  and  flooiishing,  when  the 
herbage  on  lighter  soils  is  drooping  or  burned  up. 

A  similar  tffinUy  for  water  is  one  source  of  the  advantages  which  are 
known  to  follow  from  the  admixture  of  a  certain  amount  of  vegetable 
matter  with  the  soil ;  though,  as  in  the  case  of  charcoal,  its  porosity* 
is  probably  more  influential  in  retaining  moisture  near  the  roots  of 
the  plants.f 

3^.  The  decree  of  affinity  by  which  the  elemenu  of  water  are  held 
together,  exercises  a  material  wfluenoe  on  the  growth  and  production 
of  all  vegetable  substances. 

If  I  burn  a  jet  of  hydrogen  gas  in  the  air,  vnUr  i$  formed  b^  the 
union  of  the  hydrogen  with  the  oxygen  of  the  atmospbnre,  for  wmch  it 
manifests  on  many  occasions  an  apparently  powerful  affinity.  But  if 
into  a  vessel  of  water  I  put  a  piece  of  iron  or  sine  and  then  add  sulphuric 
acid,  the  wcUer  is  decompoeed  and  the  hydrogen  set  free,  while  the 
metal  combines  with  the  oxygen. 

So  in  the  interior  of  plants  and  animals,  water  undergoes  continual 
decomposition  and  recomposition.  In  its  fluid  state,  it  finds  its  way 
and  exists  in  every  vessel  and  in  every  tissue.  And  so  slight,  it  would 
appear,  in  such  situations,  is  the  hold  which  its  elements  have  upon 
each  other-— or  so  strong  their  tendency  to  combine  with  other  substan- 
ces, that  they  are  ready  to  separaie  from  each  other  at  every  impulse* 
yielding  now  oxygen  lo  one,  and  now  hydrogen  to  another,  as  the  pro- 
duction of  the  several  com|iounds  which  each  organ  is  destined  to  elab- 
orate respectively  demands.  Yet  with  the  same  readiness  do  they 
again  re-attach  themselves  and  cling  together,  when  new  metamorphoses 
require  it.  It  is  in  the  form  of  water,  indeed,  that  nature  introduces 
the  greater  portion  of  the  oxygen  and  hydrosen  which  perform  so  im» 
portant  a  part  in  the  numerous  and  diversified  changes  wnich  take  place 
m  the  interior  of  plants  and  animals.  Few  things  are  reidly  more  won- 
derful in  chemical  physblogy,  than  the  vast  variety  of  transmutations 
which  are  continually  going  on,  through  the  agency  of  the  elements  of 
water. 

III.  In  the  state  of  vapour  water  ministers  most  materially  to  the 
life  and  growth  of  plants.  It  not  only  rises  into  the  air  at  212°  Fahr; 
when  it  b^ns  to  boil,  but  it  disappeare  or  evaporates  from  open  vessels 
at  almost  every  temperature,  with  a  rapidity  proponiooed  to  the  previ- 
ous dryness  of^be  air,  and  to  the  velocity  and  temperature  of  the  at- 
mospheric currents  which  pass  over  it.    Even  ice  and  snow  are  grad- 

*  4finUjf  for  water  cuiM  w9§etMB  pMtter  to  comMne  dicintealijwtdi  tt,  oeroit^r  euMi 
it  merely  to  drink  in  the  water  mechanically,  and  to  retain  It,  mnchangedt  in  Ita  porea. 

t  For  an  ezpoeiUoD  of  the  intimate  relation  of  water  to  the  chemloal  eooatitullon  of  the 
■olid  parte  of  itTlnK  ▼eaetablee,  aee  a  aubeeqnent  Lecture,  **OHlhe  natwt  and  production 
1^  fit  f> flrtewgw  y  ttvtfdfc  yiSwfe  riWfciffy  enmtl  ** 

uigmzeu  uy  ■n-j  vy^/'i  i\^ 
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nally  dim^mad  in  the  coldest  weather,  and  aometimee  with  a  degree 
of  Telocity  which  at  first  sight  s^nas  truly  surprisiog.*' 

It  thus  happens  that  the  atmosphere  is  constantly  impregnated  wiih 
watery  vapour,  wliich  io  this  gaseous  slate  accompanies  the  air  where* 
ever  it  penetrates,  permeates  the  soil,  pervades  the  leaves  and  pores  of 
plants,  and  gains  admlssioo  to  the  lungs  aud  general  vascular  system  of 
animais.  We  cannot  appreciate  the  iofluDnce  which,  in  this  highly 
commiDUted  ibrm,  water  exercises  over  the  general  economy  of  organic 
nature. 

But  it  is  chiefly  when  it  assumes  the  form  of  rain  and  dew,  and  re- 
descends  to  the  earth,  that  the  benefits  arising  finom  a  previous  converaioa 
of  the  water  into  vapour  become  distinctly  appreciable.  The  quantity 
of  vapour  which  the  air  is  capable  of  holding  in  suspension  is  depends 
ent  upon  its  temperamre.  At  higb  temperatures,  in  warm  climates,  or 
in  warm  weather,  it  can  sustain  more — at  low  temperatures  less. 
Hence  when  a  current  of  comparatively  warm  air  loaded  with  moisture 
ascends  to  or  comes  in  contact  with  a  cold  mountain  top,  it  is  cooled 
down,  is  rendered  incapable  of  holding  the  whole  of  the  vapour  in  sua- 
pension,  and  therefore  leaves  behind  in  the  form  of  a  mist  or  clond,  a 
portion  of  its  watery  burden.  In  rills  subsequently,  or  sprinsst  the 
aqueous  particles  which  float  in  the  midst,  re-appear  on  the  plains  be- 
neath, bringing  nouriahmentf  at  once,  and  agreateful  relief  to  the  thirsty 
soil. 

So  when  two  currents  of  air  charged  with  moisture,  but  of  unequal 
teraperature,  meet  in  the  atmosphere,  they  mix,  and  the  mixture  hat 
the  mean  temperature  of  the  two  currents.  But  air  of  this  mean  tem- 
perature is  incapable  of  holding  in  suspension  the  mean  quantity  of  wa- 
tery vapour ;  hence,  as  before,  a  cloud  is  formed,  and  the  excess  of 
moisture  falls  to  the  earth  in  the  form  of  rain.  In  descending  to  refresh 
the  earth,  this  rain  discharges  in  its  progress  another  office.  It  washes 
the  air  as  it  passes  through  it,  dissolving  and  carrying  those  accidental 
vapours  which,  though  unwholesome  to  man,  are  yet  fitted  to  minister 
to  the  growth  of  plants. 

The  dew,  celebrated  through  all  times  and  in  every  tongue  for  its  sweet 
influence,  presents  the  most  l^auiiful  and  striking  illustrauon  of  the  agen- 
cy of  water  in  the  economy  of  nature,  and  exhibits  one  of  those  wise  and 
bonnliful  adaptations,  by  which  the  whole  system  of  things,  animate  and 
inanimate,  is  fitted  and  bound  together. 

All  bodies  on  the  surface  of  the  earth  radiate,  or  tlirow  out  rays 
of  heat,  in  straight  linee— every,  warmer  body  to  every  colder ;  and  the 
entire  surface  is  itself  continually  sending  rays  upwards  through  the 
clear  air  into  free  space.  Thus  on  the  eanh*s  surface  all  bodies  strive, 
as  it  were,  aflsr  an  equal  .temperature  (an  equilibrium  of  heat),  while 

*  Mr.  Howard  statM  (hat  a  circular  patch  of  mow  6  inches  in  diameter  lost  in  the  month 
of  Jaooarv  160  graloa  of  vapour  between  sunaet  and  eanrise,  and  66  iraina  more  before  the 
eloee  of  the  day,  wheo  emeeri  to  a  snaait  breeae  on  a  hoiiae*top.  From  an  aore  of  enow 
this  would  be  equal  to  lOOO  gallons  of  water  during  the  night  only.~lVoMl*«  Bridgtiaat$r 
Treatim^p.  808;  BneydojMd.  Mutropot.,  art.  MBtmmlogy. 

In  Von  WfMgell's  aeconnt  of  his  vMi  to  fliberte  and  Ute  Polar  sea,  traoslated  by  Ifaior 
Babine  (p.  390),  it  Is  stated  that,  in  the  intense  eold,  not  only  living  bodiee^-but  the  retf 
swtfie    esiefas  and  fills  the  sir  with  vapour. 

r  Fbr  the  nature  of  this  ntniriMmaU  see  Uieeabssqnem  Lectiiroe,"0»  ItoifiowaiHe  Mfi- 
atltumtqfpiam." 
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the  surface  as  a  whole  tends  gradually  towaids  a  cooler  state.  Bat 
while  the  sua  shines  tliis  cooltne  will  not  takeplace,  for  the  earth  then 
receives  in  general  more  heat  than  it  gives  ofi,  and  if  the  clear  sky  be 
shut  out  by  a  canopy  of  clouds,  these  will  arrest  and  again  throw  back 
a  portion  of  the  heat,  and  prevent  it  from  being  so  speedily  dissipated. 
At  night,  then,  when  ihe  son  is  absent,  the  earth  will  cool  the  most ;  on 
clear  nights  also  more  than  when  it  is  cloudy,  and  when  clouds  only 
partially  obscure  the  sky,  those  parts  will  become  coolest  which  look  to* 
wards  the  clearest  portions  of  the  heavens. 

Now  when  the  surface  cods,  the  air  in  contact  with  it  must  cool  also ; 
and  like  the  warm  currents  on  the  mountain  side,  must  forMike  a  portion 
of  the  watery  vapour  it  has  hithetto  retained.  This  water,  like  the  float- 
ine  mist  on  the  hills,  descends  in  particles  almost  infinitely  minute. 
These  particles  collect  on  every  leaflet,  and  suspend  themselves  from 
every  blade  of  grass,  in  drops  of  ••  pearly  dew." 

And  mark  here  a  beautiful  adaptation.  Different  substances  are  en- 
dowed with  the  property  of  radiating  their  heat,  and  of  thus  becoming 
cool  with  different  degrees  of  rapidity,  and  those  substances  which  in 
the  air  become  cool  first,  also  artract  first  and  most  abundantly  the  par- 
ticles of  falling  dew.  Thus  in  the  cool  of  a  summer's  evening  the  grass 
plot  is  wet,  while  the  gravel  walk  is  dry ;  and  the  thirsty  pasture  and  ev- 
ery green  leaf  are  drinking  in  the  descending  moisture,  while  the  naked 
land  and  the  barren  highway  are  still  unconscious  of  its  fall. 

How  beautiful  is  the  contrivance  by  which  water  is  thus  evaporated  or 
distilled  as  it  were  into  the  atmosphere— largely  perhaps  from  some  par- 
ticular spots,— then  diffused  equably  through  the  wide  and  restless  av,— 
and  afterwards  precipitated  again  m  refreshing  showers  or  in  lonff-my»> 
terious  dews!*  But  how  much  more  beautiful  the  contrivance,  fmight 
almost  say  the  instinctive  tendency,  by  which  the  dew  selects  the  objects 
on  which  it  delights  to  fall ;  descending  first  on  every  living  plant,  copi- 
ously ministering  to  the  wants  of  each,  and  expending  its  sup^uity 
only  on  the  unproductive  waste. 

And  equally  kind  and  bountiful,  yet  provident,  is  nature  in  all  her 
operations,  and  through  all  her  works.  Neither  skill  nor  materials  are 
ever  wasted ;  and  yet  she  ungrudgingly  dispenses  her  favours,  apparent- 
ly without  measure,— and  has  subjected  dead  matter  to  laws  which 
compel  it  to  minister,  and  yet  with  a  most  ready  willingness,  to  the 
wants  and  comforts  of  every  living  thing. 

And  how  unceasingly  does  she  press  this  her  example  not  only  of  un- 
bounded goodness,  but  of  universal  charity^above  all  other  men— oa 
the  attention  of  the  tiller  of  the  soil.  Does  the  com  spring  more 
freshly  when  scattered  by  a  Protestant  hand— «re  the  harvests  more 
abundant  on  a  Catholic  soil,— ^nd  does  not  the  sun  shine  alike,  and  the 
dew  descend,  on  the  domains  of  each  political  party  ? 

*  The  beautj  ofUiIs  amnffement  appearamore  lUiklnf  whan  we  eonaider  that  the  wtiole 
of  the  watery  vapour  in  the  air,  If  it  lell  at  once  in  the  form  of  ralo,  would  not  unoant  lo 
more  than  6  inchea  in  depth  on  the  whole  aur&ee  of  the  riobe.  In  England  the  fall  of  ratn 
irarfea  from  S  Inehee  (London,  York,  and  Bdlabuivh)  to  68  (Keawiek),  while  in  eome  fewperU 
of  the  world  (Be.  Domlnfo)  It  amoante  to  as  ranch  aa  160  Inchea.  The  mean  fall  of  rain 
over  the  whole  earth  if  eatimared  at  32  or  33  iochee  ;  bat  If  we  aappoee  It  lo  be  only  10  or  15 
Inches,  the  water  which  thus  falls  will  reaolre  to  be  iwo  or  Utree  Umea  re-diatiUed  in  the  course 
of  every  year.  This  la  eicluslve  of  aew,  which  In  many  coostrlcs  ■Tn»""'f  to  a  Tcrr 
laife  qoanUty.— See  FroHtt  Bridgmoater  Trtatim,  p.  909. 
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So  teieiioev  from  her  daily  eoDverae  with  nature,  fails  not  sooner  or 
later  to  take  her  hue  and  colour  from  the  perception  of  this  univerMl 
loTe  and  bounty.  Party  and  sectarian  difierences  dwindle  away  and 
disappear  fromthe  eyes  of  him  who  is  daily  occupied  in  the  contenipls- 
tiOD  of  the  boundless  munificence  of  the  great  Impartial;  he  sees  him- 
self standing  in  one  common  relation  to  all  his  fellow-men,  and  feels 
himself  to  Im  most  completely  performing  his  part  in  life,  when  he  is 
able  in  any  way  or  in  any  measure  to  contribute  to  the  general  welfare 
of  all. 

It  is  in  this  sense  too  that  science,  humbly  tracing  the  footsteps  of  the 
Deity  in  all  his  works,  and  fiom  them  deducing  his  intelligence  and  his 
nniversal  goodness— it  is  in  this  sense,  that  science  is  of  no  sect^  and  of 
no  party,  but  is  equally  the  province*  and  the  property,  and  the  firiend  of  all. 

^7*  Cfthe  cold  produced  by  the  evaporation  of  footer ^  and  its 
influence  on  vegetation. 

Beautiful,  however,  and  beneficent  as  are  the  proviuons  by  which,  in 
nature,  watery  vapour  is  made  to  serve  so  many  useful  purposes,  there 
are  circumstances  in  which,  and  often  through  the  neglect  of  man,  the 
presence  of  water  becomes  injurious  to  vegetation* 

The  ascent  of  water,  in  the  form  of  vapour,  permits  the  soil  to  dry, 
and  fiu  it  for  the  labours  of  the  husbandman;  while  its  descent  in  dew 
refreshes  the  plant,  exhausted  by  the  heat  and  excitement  of  a  long 
summer's  day.  But  the  same  tendency  to  ascend  in  vapour,  gives  rise 
to  the  cold  unproductive  character  of  lands  in  which  water  10  present  in 
great  excess.  This  character  you  are  familiar  with  in  what  are  called 
cold  day  soils. 

The  epithet  cold,  applied  to  such  soils,  though  derived  probably  from 
DO  theoretical  views,  yet  expresses  very  truly  their  actual  condition. 
The  surface  of  the  fields  in  localities  where  such  lands  exist,  is  in  reality 
less  warm,  throughout  the  year,  than  that  of  fields  of  a  different  quality, 
even  in  their  immediate  neighbourhood.  This  is  readily  proved,  by 
placing  the  bulb  of  a  thermometer  immediately  beneath  the  soil  in  two 
such  fields,  when  in  the  hottest  day  a  marked  difierence  of  temperature 
will,  in  general,  be  perceptible.  The  difierence  it  dependent  upon  the 
following  principle  :— 

When  an  open  pan  of  water  is  placed  upon  the  fire,  it  continues  to 
acquire  heat  till  it  reaches  the  temperature  of  212^  F,  It  then  begins  to 
boil,  but  cease*  to  become  hotur.  Steam,  however,  passes  off,  atiu  the 
-water  diminishes  in  quantity.  But  while  the  vessel  remains  upon  the 
fire  the  water  continues  to  receive  heat  from  the  burning  fuel  as  it  did 
hefore  it  b^an  to  boil.  But  since,  as  already  stated,  it  becomes  no  hoi- 
ter,  the  heat  received  from  the  fire  must  be  carried  ofi'by  the  steam. 

Now  this  is  universally  true.  Whenever  water  is  converted  into 
gteam^  the  ascending  vapour  carries  off  much  heat  along  with  iL 

This  heat  is  not  missed,  or  its  loss  perceived,  when  the  vapour  or 
steam  is  formed  over  a  fire ;  but  let  water  evaporate  in  the  open  air 
from  a  stone,  a  leaf,  or  a  field,  and  it  must  take  heat  with  it  from  these 
objects — and  the  surface  of  the  stone,  the  leaf,  or  the  field,  must  become 
colder.  That  stone  or  leaf  also  must  become  coldest  from  which  the 
largest  quantity  of  vapour  rises.  ^  r^r^n]r> 
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Now,  let  two  adjoiniof  fields  be  wet  or  moist  in  different  degreetttiiat 
which  is  wettesi  will  a!  most  at  all  limes  give  off  the  largest  qaantity  of 
vapour,  and  will  therefore  be  ihe  coldest.  Let  spring  arrive,  and  tlie 
genial  suo  will  gently  warm  the  earth  on  the  sarface  of  the  one,  ^hile 
Sie  water  in  the  other  will  swallow  op  the  heating  rays,  and  caase  them 
te  re-asoeod  in  the  watery  vajxxir.  Let  sammer  come,  and  while  the 
ooil  of  the  one  field  rises  at  mid-day  to  perhaps  100^  F.  or  upwards,  that 
of  the  other  may,  in  ordinary  seasons,  rarely  reach  80^  or  90^-— in  wet 
seasons  may  not  even  attain  to  this  temperature,  and  only  in  long 
droagbts  will  derive  the  full  benefit  of  the  solar  rays.  I  shall  hereafter 
more  particularly  advert  to  the  important  infldence  which  a  high  tempe- 
rature in  the  soil  exercises  over  the  growth  of  plants,  the  funotioiis  of 
their  several  parts,  and  their  power  of  ripening  seeds-— as  well  as  to 
certain  beautiful  adaptations  by  which  nature,  when  left  to  herself,  is 
continually  imparting  to  the  soil,  especially  in  northern  latitudes^  those 
qualities  which  fit  it  for  deriving  the  greatest  possible  benefit  from  the 
presence  of  the  son's  rays.  In  the  mean  time  you  are  willing  to  eon- 
cede  that  warmth  in  the  soil  is  favourable  to  the  soccessof  your  agricul-> 
lural  pursuits.  What,  then,  is  the  cause  of  the  coldness  and  poverty, 
the  fickleness  and  uncertainty  of  pnxluce,  in  land  of  the  kind  now  al- 
luded  to  ?  It  is  the  presence  of  too  much  water.  What  is  the  remedy  T 
A  removal  of  the  excess  of  water.    And  how  T  By  efiectnal  drainage* 

There  are  other  benefits  to  the  land,  which  follow  from  this  removal 
of  the  excess  of  water  by  draining,  of  which  it  would  here  be  out  of 
place  u>  treat;  but  a  knowledge  of  the  above  principle  shows  yon  that 
the  first  effect  upon  the  soil  is  the  same  as  if  you  were  to  place  it  in  a 
wanner  climate,  and  under  a  milder  sky— where  it  could  bring  to  ma- 
turity other  fruits,  and  yield  more  certain  crops. 

The  application  of  this  merely  rudimentary  knowledce  will  enable 
you  to  remove  from  many  improvable  spots  the  stigma  of  being  poor  and 
cold;  an  appellation  hitherto  applied  to  them,— not  because  they  are  by 
nature  unproductive,  but  because  ignorence,  or  indolence,  or  indiffereiXM, 
has  hitherto  prevented  their  natural  capabilitiea  from  being  cither  ap* 
predated  or  made  available. 


J9iMt.->In  nfanoe^  to  tiM  MfipoMd  fertflNiliiff  efllMC  of  mow.  advertsd  to  la  tho  ibor* 
leotnra,  I  maj  mention  »  fret  olMerrod  bj  He/er,  aad  quolod  hj  LloUf.  (p.  19(),  UmC  willow 
bnnchM  Immened  in  now  water  pot  forth  roots  three  or  foor  timee  tongor  than  when  put 
Into  pare  dintllled  water,  aod  that  the  latter  remaioed  clear  while  the  aoow  water  became 


coloured.  Thia  ahowa  Uiat  aaow  eomaina  aDnaetliiar  not  praaeot  la  dlaiUled  waiar,  wMea 
la  capable  of  accelerating  the  growth  of  planta.  The  experiment  would  have  been  mora 
tnatnictlve  In  renrtl  to  natural  opeiatloiia,  had  the  eflbet  of  the  anow  water  been  eon^ 
pacadwiUitiiaiofaaeqoalbnUtof  MinwaMr,     "-  -  • •  -    
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LECTURE  ra. 

-  Otfteole  and  oxtlfc  Midi,  their  propertlet  and  relations  to  Tcietable  lire->-C:aitenle  oUde 
■ad  Hfht  carboraltad  bydmgeo,  Cheirpropertiea  and  prodoctioa  la  natur^^Ammonla,  Us 
piopertiea  and  relations  to  vefstaMe  Uie. 

§  1.  Carhomc  acid,  its  properties  and  reUiHans  to  vegetable  life. 

'When  charcoal  is  burned  in  the  air  it  combines  slowly  with  ozygea« 
and  is  traosformed  into  carbonic  acid  gas.  In  cocymi  gas  it  bums  more 
rapidly  and  vividly,  producing  the  same  compound. 

This  ffas  is  colourless,  like  oxygen,  hydrogen,  and  nitrafKeo,  but  is 
readily  cusiinguished  from  all  these,  by  its  acid  taste  and  smell,  by  itssola- 
bility  in  water,  by  its  great  density,  and  by  its  reddening  vegetable  bines. 
Water  at  60  F.  and  under  the  ordinary  pressure  of  the  atmosphere,  dis- 
solves rather  more  than  its  own  bulk  of  this  gas  (100  dissolve  106),  and, 
however  the  pressure  may  be  increased,  it  still  dissolves  the  same  balk. 

All  gases  diminish  in  bulk  uniformly  as  the  pressure  to  which  they 
are  subjected  is  increased.  Thus  under  a  pressure  of  two  atmospheres 
they  are  reduced  to  one-half  their  bulk,  of  three  atmospheres  to  one* 
thtrd,  and  so  on.  When  water,  therefore,  is  saturated  with  carbonic 
acid  under  ereat  pressure,  as  in  the  manufacture  of  soda  water,  though 
it  still  diaeofves  only  its  own  bulk,  yet  it  retains  a  weight  of  the  gas 
which  is  proportioned  to  the  pressure  applied.  For  the  same  reasoa 
also,  when  the  pressure  is  removed,  as  in  drawing  the  oork  from  a  hot* 
tie  of  water  so  impregnated,  the  gas  expands  smd  escapes,  causing  a 
lively  elTervesoence,  and  the  water  retains  only  its  own  bulk  at  the  ex- 
isting pressure.  This  sblution  in  water  has  a  slightly  sour  taste,  and 
reddens  ve^table  blues.  These  properties  it  owes  to  the  presence  of 
the  gas,  which  is  therefore  what  chemists  call  an  add  body,  and  hence  its 
name  of  carbonic  acid-  [Acids  have  generally  a  soar  taste,  redden 
veeetahle  blues,  or  combine  with  bases^  such  as  lime,  soda,  potash,  to., 
to  form  salts.] 

This  gas  is  one-half  heavier  than  atmospheric  air,  its  density  beii^ 
1*524,  and  hence  it  ooay  be  poured  through  the  air  from  one  vessel  to 
another.  Hence  also*  when  it  is  evolved  from  crevices  in  the  earth,  in 
caves,  in  wells,  or  in  the  soil,  this  gas  diflTuses  itself  through  the  atmoa- 
phere  and  ascends  into  the  air,  much  more  slowly  than  the  elementarr 
cases  described  in  the  previous  lecture.  Where  it  issoes  from  the  earth 
in  large  quantity,  as  in  many  v<^oanic  districts,  it  flows  along  the  surfiwe 
like  water,  enters  into  and  fills  up  cracks  and  hollows,  and  sometimes 
reaches  to  a  considerable  distance  from  iis  source,  before  it  is  lost  among 
the  still  air. 

Burning  bodies  are  extiogoislied  in  carbonic  acid,  and  living  bein^ 
plunged  into  it,  instantly  cease  to  breathe.  Mixed  with  one-ninth  of  its 
bulk  of  this  gas  the  atmospheric  air  is  rendered  unfit  for  respiration.  It 
is,  however,  the  priocipal  food  of  plants,  being  absorbed  by  their  leaves 
and  roots  in  large  quantity.  Hence  the  presence  of  carbonic  acid  in  the 
mUBoaphete  Is  neosasgry  to  the  grawthrcf  pbuHa*  aail  thay  hava  1 
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aenred  to  thrive  better  when  the  quantity  of  this  gas  in  the  air  is  ooo- 
Biderably  aagmeoted.  Common  air,  as  has  been  already  stated,  does 
not  contain  more  on  an  average  than^  j^th  of  iu  bulk  of  carbonic  acid, 
but  De  Saussure  found  that  plants  in  the  sunahine  grew  better  when  it 
was  increased  to  i^th  of  the  bulk  of  the  air,  but  beyond  this  ouantity 
they  were  injured  by  its  preseoce,  even  when  exposed  to  die  suo. 
When  the  carbonic  acid  amounted  to  one-half,  the  plants  died  in  seven 
days ;  when  it  reached  two-thirds  of  the  bulk  of  the  air,  they  ceased  to 

Sow  altogether.    In  the  shade  any  increase  of  carbonic  acid  bevond 
at  which  naturally  exists  in  the  atmosphere  of  our  globe,  was  lound 
to  be  injurious. 

These  circumstaoces  it  is  of  importance  to  remember.  Did  the  sun 
always  shine  on  every  part  of  the  eanh*s  surface,  the  quantity  of  caibo* 
nic  acid  in  the  atmosphere  might  probably  have  been  increased  with  ad- 
vantage to  vegetation.  But  every  such  increase  would  have  rendered 
the  air  less  fit  for  the  respiration  of  existing  races  of  animals.  Thus 
we  see  that  not  only  the  nature  of  living  beings,  both  plants  and  ani- 
mals«  but  also  the  periodical  absence  of  the  sun*s  rays,  have  been  taken 
into  account  in  the  present  arrangement  of  things. 

In  perpetual  sunshine  plants  would  flourish  more  luxuriantly  in  air 
containing  more  carbonic  acid,  but  they  would  droop  and  die  in  the 
abade.  This  is  one  of  those  proofs  of  wnt/y  of  design  which  occasion- 
ally force  themselves  upon  our  attention  in  every  depanmcnt  of  nature, 
and  compel  us  to  recognise  the  regulating  snpenntendence  of  one  mind* 
The  same  hand  which  mingled  the  ingr^ients  of  the  atmosphere,  also 
set  the  sun  to  mle  the  day  <m/y,— tempering  the  amount  of  carbonic 
•acid  to  the  time  of  his  periodical  presence,  as  well  as  to  the  nature  of 
animal  and  vegetable  life. 

Carbonic  acid  consists  of  one  equivalent  of  carbon  and  two  of  oxygen, 
and  is  lenresented  by  COj.  It  unites  with  bases  (potash,  soda,  lime, 
&c.),  and  forms  compounds  known  by  the  name  of  carbonate.  Thus 
peariash  is  ao  impure  carbonates  of  polasht^^xhe  common  soda  of  the 
shops,  earhonate  of  ^ocia,— and  limestone  or  chalk,  carbonates  of  lime. 
From  these  compounds  it  may  be  readily  disengaged  by  pourine  upon 
them  diluted  muriatic  or  sulphuric  acids.  From  limestone  it  is  also 
readily  expelled  by  beat,  as  in  the  common  lime-kilns.  During  this 
process  the  limestone  loses  nearly  44  per  cent,  of  its  weight,  [43*7  when 
pure  and  dry,]  a  loss  which  represents  the  quantity  of  carbonic  acid  dri- 
ven off.  [Heace  by  burning  limestone  on  the  spot  where  it  ii  quarried, 
nearly  one-half  of  the  cost  of  transport  is  saved,] 

Common  carbonate  of  lime,  in  its  various  forms  of  clialk,  hard  lime- 
stone,  or  marble,  is  nearly  insoluble  in  water,  but  it  dissolves  readily  in 
water  containing  carbonic  acid.  Thus,  if  a  current  of  this  gas  be  pass- 
ed through  lime-water,  the  liquid  speedily  becomes  milky  from  the 
formation  and  precipitation  of  carbonate  of  lime,  but  aAer  a  short  time 
the  cloudiness  disappears,  and  the  whole  of  the  lime  is  re-dissolved. 
The  application  of  heat  to  this  clear  solution  expels  the  excess  of  car- 
bonic acid,  and  causes  the  carbonate  of  lime  again  to  fall. 

By  exposure  to  the  air,  we  have  already  seen  that  water  always  ab- 
sorbs a  quantity  of  carbonic  acid  from  the  atmosphere.  As  it  after- 
•wvBda  trieklas  duough  the  nicks  or  through  soil  cootaaning  lime,  it  grad* 
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naUy  dtsaolYM  a  portion  of  this  eaith,  equivalent  to  the  qnaotity  of  gas 
il  holds  in  solution,  and  thus  reaches  the  snriace  iropreffnated  with  cal- 
careous matter.  Or  it  carries  it  in  its  progress  helow  the  suf&ce  to  the 
loots  of  plants,  where  its  earthy  contents  are  made  available,  either  di- 
rectly or  indirectly,  to  the  promotioD  of  vegetable  growth.  To  the  lime 
thus  held  in  solution,  spring  and  other  waters  generally  owe  their  hard* 
neu^  and  it  is  the  expulsion  of  the  carbonic  acid,  by  beat,  that  causes 
the  deposition  of  the  sediment  so  often  observed  when  such  waters  are 
boiled. 

I  propose  hereafter  to  devote  an  entire  lecture  to  the  consideration  of 
the  action  of  lime  upon  land,  as  it  is  employed  for  agricultural  pur- 
poses, but  I  may  here  remark,  that  this  solvent  action  of  the  carbonic 
acid  in  rain  water  is  one  of  the  principal  agents  in  removing  the  lime 
from  your  soils,  and  in  rendering  a  fresli  application  necessary  after  a 
certain  lapse  of  time.  It  is  the  cause  also  of  that  deposit  of  calcareous 
matter  at  the  mouths  of  drains  which  you  not  unfrequently  see  in  lo- 
calities where  lime  is  laid  abundantly  upon  the  land.  The  greater  the 
quantity  of  rain,  therefore,  which  falls  in  a  district,  the  less  permanent 
will  be  the  effects  of  liming  the  land — the  sooner  will  it  be  robbed  of 
this  important  element  of  a  fertile  soil.  Still  carbonic  acid  is  only  one 
of  several  agents  which  act  almost  unceasingly  in  thus  removing  the 
lime  from  the  land,  a  fact  I  shall  hereafter  have  occasion  more  ftilly  to 
explain. 

In  nature,  carbonic  acid  is  produced  under  a  great  variety  of  circum- 
stances. It  is  given  off*  from  the  lungs  of  all  animals  dunng  respira- 
tion. It  is  formed  during  the  progress  of  fermentadon.  Fermented  li- 
riuors  owe  their  sparkling  qualities  to  the  presence  of  this  gas.  Dur- 
ing the  decay  of  animal  and  vegetable  substances  in  the  air,  in  com- 
pose heaps,  or  in  the  soil,  it  is  evolved  in  great  abundance.  In  certain 
volcanic  countries  it  issues  in  large  quantity  from  springs  and  from 
cracks  and  fissures  in  the  surface  of  tbe  earth ;  while  the  vast  amount 
ofcarbon  contained  in  tbe  wood  and  coal  daily  consumed  by  burnina, 
is  carried  up  into  the  atmosphere,  chiefly  in  the  form  of  carbonic  acid.  ' 
We  shall  hereafter  consider  the  relation  which  exisu  between  these 
several  sources  of  supply  and  the  proportion  of  carbonic  acid  per- 
manently present  in  the  aar  and  so  necessary  to  the  support  of  vegetable 
life. 

§  2.  QjMtUc  acid,  its  fmfperiie$  and  relations  to  vegetable  life. 

Oxalic  acid  is  ailotlier  compound  ofcarbon  and  oxygen,  which,  though 
not  known  to  minister  either  to  their  growth  or  nourishment,  is  yet  found 
largely  in  the  interior  of  many  varieties  of  plants.  In  an  lincombined 
state  It  exists  in  the  hairs  of  the  chick  pea.  In  combination  witli  potash 
it  is  fotmd  in  the  wood  sorrel  (oxalis  acetoeella),  in  the  common  sorrel, 
and  other  varieties  of  ncme:r,-^n  which  it  is  the  cause  of  tbe  acidity  of 
the  leaves  and  stems,— In  the  roots  of  these  plants  also,  in  tlie  leaves  and 
roots  of  rhubarb,  and  in  the  roots  of  torraentilla,  bistort,  gentian,  saponaria, 
and  many  others.  It  is  this  combination  with  potash,  formerly  extracted 
ftom  wood  sorrel,  which  is  known  in  commerce  by  the  name  o(saU  ^ 
stnreL    In  combination  with  lime  it  forms  tbe  principal  s^id  parts  of 
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nuiDy  Udieotv  especially  of  iheparmeiia  and  voriolorvft*  aome  of  wbich 
oootatn  ftB  mQck  oxalate  of  4iiiie  asiaeqatvalent  to  15  or  20  parts  of  pun 
acid  in  100  of  the  dried  plant. 

The  cryetallized  oxalic  acid  of  the  shops  ferms  transparant  cokMiriesi 
crystals,  of  an  intensely  sour  taste.  These  crystals  dissolve  readily  in 
twice  their  weight  of  cold  water,  and  the  soluuon,  when  sufficiently  di- 
lute, is  agreeably  acid  to  the  taste.  This  acid  is  exceedingly  poisonous* 
Half  an  ounce  of  the  crystals  is  sufficient  to  destroy  life  in  a  very  short 
time,  and  a  quarter  of  an  ounce  after  the  lapse  of  a  few  days.  It  oon- 
sists  solely  of  carbon  and  oxygen  in  the  propottion  of  two  equtvalents 
of  the  former  to  three  of  the  latter.  Its  symbol  is  C^Os*  It  combines 
with  bases,  and  forms  salts  which  are  known  by  the  naaie  of  oxaUiiet^ 
and  it  is  characterised  by  the  readiness  with  which  it  combines  with  lime 
to  form  mcalateofUme*  If  a  solution  of  the  acid  be  poured  into  lime  wa- 
ter, the  mixture  immediately  becomes  milky  from  the  formation  of  this 
compound,  which  is  insoluble  in  water. f  It  is  this  or<dateq/*/tfii€  which 
exists  in  the  lichens,  while  oxalate  of  potash  exisu  in  the  sorrols. 

Oxalic  acid  is  one  of  those  compounds  of  organic  oriain  which  we  can- 
not form,  as  we  can  form  carbonic  acid  by  the  direct  union  of  its  elements. 
In  all  our  processes  for  preparing  it  artificially,  we  aro  obliged  to  have  re- 
oouise  to  a  substance  previously  orgamxed  m  the  living  plant.  It  may 
be  prepared  from  sugar,  starch,  or  even  from  wood,  by  various  chemical 
processes.  The  usual  method  is  to  digest  potato  starch  with  five  times  its 
weight  of  strong  nitric  acid  (aquafortis),  diluted  with  ten  of  water,  till  red 
fumes  cease  to  be  given  off,  and  then  to  evaporate  the  solution.  The  ox- 
alic acid  separates  m  crystals,  or,  as  it  is  usually  expressed,  €rystalUze$  in 
the  solution  thus  concentrated  by  evaporation. 

It  is  not  known  to  exist  in  the  soil  or  in  the  waters  which  reach  the 
roots  of  plants.  Where  it  is  found  in  living  vegetables,  therefore,  it  musi, 
like  the  other  substances  they  contain,  have  been  formed  or  elaborated 
in  the  interior  of  the  plant  itself.  By  what  very  simple  changes  the 
production  of  this  acid  is  or  may  be  efl&cted,  we  shall  see  in  a  subse- 
quent lecture. 

§  3.  Carbonic  oxide.  Us  eoMtUuthn  and  properties* 

When  carbonic  acid  (CO^)  is  made  to  pass  through  a  tube  containing 

red-hot  charcoal,  it  undergoes  a  remarkable  change.     Its  gaseous  form 

remains  unaltered,  but  it  combines  with  a  second  equivalent  of  carbon 

(becoming  C9  Oj),  which  it  carries  off  in  the  aeriform  state.    The  new 

*  TtM  oarfnelw  emeUUaMAvaHdariaeonummU  ara  OMDlioMd  m  peeidiMrlr  iloh  iothta 
acid,  which  used  to  b«  extrecf^l  from  them  for  sale.  A  species  of  parinelia,  collected  after 
tlia  droiighta  on  the  sands  of  Persia  and  Oeorfftti  contains  66  per  cent,  of  oxalate  of  Una, 
with  about  23  per  cent.  oTafelatlnoiM  subatanee  sfmilar  to  that  obtained  from  Iceland  moM. 
This  lichen  Is  used  for  food  by  the  Kiri^huls.  A  similar  lichen  is  coUected  about  Bagdad  fat 
a  irimllar  purpose. 

t  flufoslaneee  that  are  InaotaMe  are  renertlly  whhool  action  on  the  animal  eeoBouT,  and 
may  he  introduced  Into  the  atomaeh  witboat prodncinf  an j  tniurioua  effect.  Henea  tliia  ox- 
alate of  lime,  though  it  contains  oxalic  acid,  Is  not  poisonous.  Hence  also,  if  oxalic  acid  bs 
preseat  In  the  stomach,  lis  poisonous  action  maj  be  taken  away  bv  eandnf  lime  water  or 
millL  of  lime  to  be  •wallowed  la  suf&claot  quantity.  The  aoM  oombtoaa  wlUi  the  Itana,  as  la 
the  experiment  described  in  the  text,  and  forms  insoluble  oxalate  of  lime.  The  commoa 
maipieaia  of  the  shops  wlU  serve  the  same  purpose,  forming  an  Insoluble  osalateofmagnentu 
It  is  by  performing  experimenta  under  cirenmsiancea  where  the  reaults  are  vWble— aa  In 
B  are  enabled  to  predict  the  reaulla  io  circumatancaa  where  the  phe* 
te,  aad  to  aet  sMth  as  Biudh  eoQlldenea  aa  If  ws  «sqU  fMfly  MS  Umb. 
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gas  thiM  produceo  is  known  b;^  the  name  of  carbonic  oxide.  It  consists 
of  one  equivalent  of  carbon  united  to  one  of  oxygen,  and  is  represented 
by  CaOj,  or  simply  CO. 

This  gas  is  colourless,  without  taste  or  smell,  lighter  than  common  air, 
nearly  insoluble  id  water,  extinguishes  flame,  does  not  support  life; 
burns  in  the  air  or  in  oxygen  gas  with  a  blue  flame,  and  during  this 
combustion  is  converted  into  carbonic  acid.  It  is  produced  along  with 
carbonic  acid  during  the  imperfect  combustion  of  coals  in  our  fires  and 
furnaces,  but  is  not  known  to  occur  in  nature,  or  to  minister  directly  to 
the  growth  of  plants. 


There  exists  a  general  relation  among  the  three  compounds  of  caiboa 
and  oxygen  above  described,  to  which  it  may  be  interesting  to  advert, 
in  connection  with  the  subject  of  vegetable  physiology.  This  relation 
appears  when  we  compare  together  their  chemical  constitution,  as  re- 
presented by  their  chemical  formuls  :— 

Carbonic  add  consists  of  one  of  carbon  and  two  of  oxygen,  or  COf ; 

Carbonic  oxidcy  of  one  of  carbon  and  one  of  oxygen,  or  CO ; 

So  that  if  carbonic  acid  be  present  in  a  plant,  and  be  there  deprived 
of  one  equivalent  of  its  oxygen,  by  any  vital  action,  it  will  be  converted 
into  carbonic  oxide. 

Oxalic  add  consists  of  two  of  carbon  and  three  of  oxygen,  or  CaO,. 

If  we  add  together  the  formulae  for 

Carbonic  acid       ss  CO^  and 
Carbonic  oxide     s  CO,  we  have 

Oxalic  acid    ss  C3O3. 

Hence  this  acid  may  be  formed  in  the  interior  of  plants,  either  by  the 
direct  union  of  carbonic  oxide  and  carbonic  acid,  or  by  depriving  two  of 
carbonic  acid  (2COj  or  C2O4)  of  one  equivalent  of  oxygen. 

When  in  a  subsequent  lecture  we  have  studied  the  structure  and  func- 
tions of  the  leaves  of  plants,  we  shall  see  how  very  easy  it  is  to  under- 
stand the  process  by  which  oxalic  acid  is  formed  and  deposited  in  the  in- 
terior of  plants,  and  by  which  carbonip  oxide  also  may  6e,  and  probably 
ii,  produced. 

§  4.  lAght  carbureUed  hydrogefif-^ihe  gas  of  marshes  and  of  coal  mines. 

During  the  decay  of  vegetable  matter  in  moist  places,  or  under  water, 
a  Ugbt  inflammable  gas  is  not  unfrequently  given  ofi*,  which  difiers  in  its 
properties  from  any  of  those  hitherto  describ^.  In  summer  it  may  often 
be  seen  rising  up  in  bubbles  from  the  bottom  of  stagnant  pools  and 
from  marshy  places,  and  may  readily  be  collected. 

This  gas  is  colourless,  without  taste  or  smell,  and  is  little  more  than 
half  the  weight  of  oommon*air,  [its  specific  gravity,  by  experiment,  is 
0*5576.]  A  lighted  taper,  plunged  into  it,  is  immediately  extinguished, 
while  the  gas  takes  fire  and  bums  with  a  pale  yellow  flame,  yielding 
more  light,  however,  than  pure  hydrogen  gas,  which  it  otherwise  re- 
sembles.    Animals  introduced  into  it,  instantly  cease  to  breathe. 

It  consists  of  one  equivalent  of  carbon  (C)  united  to  two  of  hydrogen 
(2H  or  Ha),  and  is  represented  by  CHg.    When  bonied  in  the  air  or 
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in  oxygen  gas,  the  carbon  ic  contains  is  converted  into  carbonie  add 
(CO3),  and  the  hydrogen  into  water  (HO). 

Like  oxalic  acid  this  gas  cannot,  by  any  known  process,  be  produced 
from  the  direct  union  of  the  carbon  and  hydrogen  ^  which  it  consists. 
It  is  readily  obtained,  however,  by  heating  acetate  of  potash  in  a  retort, 
with  an  equivalent  proportion  of  caostic  baryta.  [Acetate  of  potash  is 
prepared  by  pouring  vinegar  (acetic  acid)  on  common  pearlash  and 
evaporating  the  solution.] 

In  nature  it  is  largely  evolved  in  coal  mines,  and  is  the  principal  cotfk- 
bustible  ingredient  in  those  explosive  atmospheres  which  so  frequently 
cause  disastrous  accidents-in  mining  districts. 

This  gas  is  also  given  oflT  along  with  carbonic  acid  during  the  fermen- 
tation of  compost  heaps,  or  of  other  large  collections  of  vegetable  mat- 
ter. It  is  said  also  to  be  generally  present  in  well  manured  soils, 
[Pbrsoz,  Chimie  Moleeulaire,  p.  547,]  and  is  supposed  bv  many  to  coo- 
tribute  in  such  cases  to  the  nourishment  of  plants.  It  is,  however,  very 
sparingly  soluble  in  water,  so  that  in  a  state  of  solution,  it  cannot  enter 
largely  into  the  pores  of  the  roots,  even  though  it  be  abundantly  present 
in  the  soil.  How  far  it  can  with  propriety  be  regarded  as  a  general 
source  of  Ibod  to  plants,  will  be  considered  in  the  following  lecture. 

§  5.  Ammonia,  it^  properties  and  rclaliona  to  vegetable  life. 

Ammonia  is  a  compound  of  hydrogen  and  nitrogen.  It  is  possessed 
of  many  interesting  properties,  and  is  supposed  to  (lerform  a  very  im- 
portant part  in  the  process  of  vegetation.  It  will  bo  proper,  therefore, 
to  iliustnue  its  nature  and  properties  with  considerable  attention. 

Ammonia,  like  the  nitrogen  and  hydroi^cn  of  which  it  is  composed,  is 
a  colourless  gas,  but,  unlike  its  elements,  is  easily  distinguished  from 
aU  other  gaseous  substances  by  its  smell  and  taste. 

It  possesses  a  powerful  penetrating  odour  (familiar  to  you  in  the  smell 
of  hartshorn  and  of  common  smelling  salts),  has  a  burning  acrid  alka- 
line* taste,  extinguishes  a  lighted  taper  as  hydrogen  and  nitrogen  do,  but 
does  not  itself  take  fire  like  the  former.  It  mstantly  suflbcates  animals, 
kills  living  vegetables,  and  gradually  destroys  the  texture  of  their  parts. 

It  is  absorbed  in  large  quantities  by  porous  substances,  such  as  char- 
ooal^which,  as  already  stated,  absorbs  95  times  its  own  bulk  of  am- 
moniacal  gas.  Porous  vegetable  substances  in  a  decaying  state  likewise 
absorb  it.  Porous  soils  also,  burned  bricks,  burned  clay,  and  even  com- 
mon clay  aiKl  iron  ochre,  which  are  mixed  together  on  the  surface  of 
most  of  our  fertile  lands — all  these  are  capable  of  absorbing  or  drinking 
in,  and  retaining  within  their  pores,  this  gaseous  substance,  when  it  hap« 
pens  to  be  brought  into  contact  wiih  them. 

But  the  quantity  absorbed  by  water  is  much  greater  and  more  sur- 
prising. If  the  mouth  of  a  bottle  filled  with  this  gas  be  immersed  in 
water,  the  latter  will  rush  up  and  fill  the  bottle  almost  instantaneously; 
and  if  a  sufficient  supply  of  ammonia  be  present,  a  given  quantity  of 
water  will  take  up  as  much  as  670  limes  its  bulk  of  the  gas. 

This  solution  of  ammonia  in  water  is  the  spirit  of  hartshorn  of  the 
shops.     When  saturated  [that  is,  when  gas  is  supplied  till  the  water  re- 

The  term  alkaline^  u  applied  to  tute,  will  b«  )>es(  nn(ter»tood  hj  dascriblog  it  m  a 
"^  ~  la  that  of  thseonuDon  sods  sod  pMrluh  of  tbo  ahops. 
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IliiM  to  talM  tip  any  niore,]  it  is  lighter  tbaa  pure  water,  [its  speeific 
gravity  18  0*875,  water  being  I,]  has  thepangenc  penetrating  odour  of  ihe 
gas,  and  its  hot,  bunding,  alkaline  laste-^ia  capable  of  Mistering  the 
skin,  and  decomposing  or  destroying  the  texture  of  animal  and  vegeta- 
ble substaneea. 

You  will  remark  here  the  effect  which  combination  has  in  investing 
sobstances  with  new  characters.  The  two  gases  hydrogen  and  niCrogeo, 
themselves  without  taste  or  smell,  and  absorbed  by  water  in  minute 
quantity  only,  form  by  their  union  a  compound  bo^  remarkable  both 
for  taste  and  smell,  and  for  the  rapidity  whb  which  water  absorbs  it. 

Ammonia  possesses  also  alkaline  properties,*  it  restores  the  blAe 
colour  of  vegetable  substances  that  have  been  reddened  by  an  acid,  and 
il  combines  with  acid  substances  to  form  salts. 

Among  gaseous  substances,  therefore,  there  are  some  which,  like  car- 
bonic acid,  have  a  sour  taste  and  redden  vegetable  blues ;  others  which, 
like  ammonia,  have  an  alkaline  taste  and  restore  the  blue  colour ;  and 
a  third  class  which,  like  oxygen,  hydrogen,  and  nitrogen,  are  destitute  of 
taste  and  do  not  aflfect  vegetable  colours.  These  last  are  called  neu- 
tral or  indifierent  substances. 

Ammonia,  as  above  stated,  combines  with  acids  and  forms  salts, 
which  at  the  ordinary  temperature  of  the  atmosphere  are  all  solid  sub- 
stances. Hence  if  carbonic  acid  gas  be  mixed  with  ammoniacal  gas, 
a  white  cloud  is  formed  consisting  of  minute  particles  of  solid  earbonale 
of  ammofita— the  smelling  salts  of  the  shops.  Hence  also  a  feather 
dipped  into  vinegar  or  dilute  muriatic  acid  (spirit  of  salt),  and  then  in- 
troduced into  ammoniacal  gas,  forms  a  similar  white  cloud,  and  be- 
comes covered  with  a  white  down  of  solid  acetate  or  of  muriate  of  ammonia 
(sal  ammoniac).  The  same  appearance  is  readily  seen  by  holding  the 
feather  to  the  mouth  of  a  bottle  containing  hartshorn  (liquid  ammonia), 
from  which  ammoniacal  gas  continually  escapes,  and  by  its  lightness  rises 
into  the  air,  and  thus  comes  in  coniact  with  the  acid  upon  the  feathers. 

The  fact  of  the  production  of  a  solid  body  by  the  union  of  two  gases 
(ammonia  and  carbonic  or  muriatic  acid  gases)  is  one  of  a  very  inter- 
esting nature  to  the  young  chemist,  and  presents  a  further  illustraiion 
of  the  changes  resulting  from  chemical  combination  as  explained  in 
the  previous  lecture. 

Ammonia  is  little  more  tlian  half  the  weight  of  common  air,  [more 
nearly  three-fifths,  its  specific  gravity  being  0*59,  that  of  air  being  1,1 
hence  when  liberated  on  the  earth's  surface  it  readily  rises  into  and 
mingles  with  the  atmosphere.  It  consists  of  hydrogen  and  nitrogen 
united  together  in  the  proportion  of  three  equivalents  of  hydrogen  (3H 
or  H :)  and  one  of  nitrogen  (N),  [see  Lecture  II,]  and  hence.it  is  re- 
presented by  the  symbol  (N  +.  3H),  or  more  shortly  by  NH3.  100 
parrs  by  weight  contain  82^  of  nitrogen  and  17^  of  hydrogen,  [correct- 
ly 83-545  and  17*455  respectively.] 

In  nature,  ammonia  exists  in  considerable  quantity      It  is  widely, 


*  In  Che  prevlom  lectore,  the  term  aeld  was  ezptetnfrf  u  applying  to  ralMtaneee  po«ieM> 
ed  of  a  soar  iMte,  and  capable  of  reddening  vegetable  blues  or  eomMning  with  6oMt  (pot* 
■irti,  soda,  mi^neafa,  Ac.)  to  form  aolc* ;  atkeSiet  ere  eueh  a«  potaeas  an  alkaHoo  taaie  (aeo 
previoas  Notex  reatore  the  bloe  colour  to  reddened  vegeteble  aiibataneea,  or  combine  wfth 
<mm  to  form  aaUt.  Of  aalta,  nlmta  of  sods,  aaltpatro  (nJtnteof  potndt),  aad  glnaber  nlli 
(ipilplucsofsoda)tara  camplM. 
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almost  univenally.  difTused,  but  U  not  known  to  form  large  depooii  on 
any  part  of  the  earth's  surface,  or  to  enter  as  a  constituent  into  any 
of  the  great  mineral  masses  of  which  the  crust  of  the  globe  is  com- 
posed. It  exists  most  abundantly  in  a  $taU  of  combination — in  the 
forms,  for  example,  of  muriate  (sal  ammoniac),  of  nitrate,  and  of  carbon- 
ate of  ammonia.  It  frequently  escapes  into  the  atmosphere  in  an  un- 
combined  state,  especially  where  animal  matters  are  undergoing  decay, 
but  it  rarely  exists  iu  this  free  state  for  any  length  of  time.  It  speedily 
unites  with  the  carbonic  acid  of  the  air,  with  one  or  other  of  the  numer- 
ous acid  vapours  which  are  continually  rising  from  the  eaith,  or  with 
the  nitric  acid  which  is  formed  at  the  expense  of  the  nitrogen  and  oxy- 
gen of  which  the  atmosphere  consists. 

The  influence  of  ammonia  on  vegetation  appears  to  be  of  a  very 
powerful  kind.  It  seems  not  only  to  promote  the  rapidity  and  luxu- 
riance of  vegetation,  but  to  exercise  a  powerful  control  over  the  func- 
tions of  vegetable  life.  In  reference  to  the  nature  and  extent  of  this 
action,  int>  which  we  shall  hereafter  have  occasion  to  inquire,  there 
are  several  special  properties  of  ammonia  which  it  will  be  of  impor- 
tance for  us  previously  to  understand. 

1°.  It  has  a  powerful  affinity*  fi)r  acid  substances.  Hence  the 
readiness  with  which  it  unites  with  acid  vap<mrs  when  it  rises  into  the 
atmosphere.  Hence  also  when  formed  or  lil>erated  in  the  soil,  in  the 
fold-yard,  in  the  stable,  or  in  compost  heaps,  it  unites  with  such  acid 
substances  as  may  be  present  in  the  soil,  &c.  and  forms  saline  com- 
pounds or  soZte.  All  these  salts  appear  to  be  more  or  less  iAfluential  in 
the  prnresses  of  vpf[[e(able  life. 

2®.  Yet  this  aiBnity  is  much  less  strong  than  that  which  is  exhibited 
for  the  same  iicids  by  potash,  soda,  lime,  or  magnesia.  Hence  if  any 
of  these  substances  be  mixed  or  brought  into  contact  with  a  salt  of  am- 
monia, the  acid  of  the  latter  is  taken  up  by  the  potash  or  lime,  while 
the  ammonia  is  separated  in  a  gaseous  slate.  Thas  when  sal  ammo- 
niac in  powder  is  mixed  with  twice  iu  weififht  of  quick-lime,  ammoni- 
acal  pi8  is  liberated  in  large  quantity.  This  is  the  method  by  which 
pure  ammonia  is  generally  prepared ;  and  one  of  the  many  functions 
performed  by  lime  when  employed  for  the  improvement  of  land,  espe- 
cially on  soils  rich  in  animal  nod  vejq^etable  matter,  is  that  of  decompo- 
sing the  salts,  especially  the  organic  salts,  of  ammonia,— as  will  be 
more  fully  explained  when  we  come  to  treat  at  length  of  this  important 
part  of  flcrricultural  practire.f 

3®.  The  salts  which  ammonia  forms  with  the  acids  are  all,  like  am- 
monia itself,  very  soluble  in  water.  Hence  two  consequences  follow. 
First,  that  which  rises  into  the  air  in  the  form  of  gas,  and  there  com- 
bines with  the  carbonic  or  other  acids,  is  readily  dissolved,  washed  out 

"  By  affinitv  is  in<*ant  the  tendency  which  bodies  have  to  unite  end  to  remain  united  or 
combined.  Thus  ammonia  forms  a  solid  siibsrance  with  the  vapour  orvlneipir  the  moment 
the  two  snbatancea  come  into  conUct ;  they  have,  therefore,  a  etrDBC  leDdeoey  lo  aolte,  or 
an  ajfinifff  for  e%ch  other. 

t  See  Lecture  XVI.  <>  On  /Ac  ties  ofUnu."  Owinff  to  Uils  propertr  the  action  of  IIom  upon 
compost  heaps  is  oAen  Injurious,  by  causinx  the  evoluflon  of  the  ammonia  prnduceii  duri^r 
the  deromprieition  of  the  animal  matiem  ihejr  contain.  This  escape  of  ammonia,  even 
when  imperceptible  by  the  sense  of  smell,  is  easily  delected  by  holdhut  over  Ihe  heap  a  fee* 
ther  dipped  in  viDegar  or  in  spirit  of  salt  (mudaiJc  acid),  wbeo  whit*  Ames  an  imm^rftmt^ 
ly  percMilTed  if  ammonia  be  preaeai. 
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and  biDUgfat  to  the  earth  a«:aui  by  the  rains  and  dewa;  ao  that  at  the 
same  time  the  air  ie  purified  for  the  ase  of  animals,  and  the  ammo- 
nia brought  down  for  the  uee  of  plants.  And  second,  whatever  sails  of 
ammonia  are  contained  in  the  soil,  being  dissolved  by  the  rain,  are  in 
a  condition  to  be  taken  up,  when  wholesome,  by  the  roots  of  plants ;  or 
to  be  carried  oflfby  the  drains  when  Injurious  to  vegetation. 

4^.  I  have  already  alluded  to  the  fact  of  this  gas  being  absorbed  by 
porous  substances,  and  to  iu  presence,  in  consequence,  in  porous  soils, 
and  in  burned  bricks  and  clay.  With  the  purer  kinds  of  un burned 
day,  however,  and  with  the  oxide  of  iron  contained  in  red  (or  ferrugi- 
nous)* soils,  ammonia  is  supposed  to  form  a  chemical  compound  of  a 
weak  nature.  In  consequence  of  its  affinity  or  feeble  tendency  to  com- 
bine with  these  substances,  they  attract  it  from  the  air,  and  from  decay- 
ing animal  or  vegetable  matters,  and  retain  it  more  strongly  than  many 
porous  substances  can,— yet  with  a  sufficiently  feeble  hold  to  yield  it 
up,  readily  as  is  supposed,  to  the  roots  of  plants,  when  theirsextremities 
are  pushed  forth  iu  search  of  food.  In  this  case  the  carbonic,  acetic, 
and  other  acids  given  off*,  or  supposed  to  be  given  off  by  the  roots,  exer- 
cise an  influence  to  which  more  particular  allusion  will  be  made  here- 
after. 

6^.  In  the  stare  of  carbonate  it  decomposes  gy^um,  forming  carbon- 
ate of  lime  (chalk)  and  sulphate  of  ammonia. f  The  action  of  gypsum 
on  grass  lands,  so  undoubtedly  beneficial  in  many  parts  of  the  world, 
has  been  ascribed  to  this  single  property;  it  being  supposed  that  the 
sulphate  of  ammonia  formed,  is  peculiarly  favonrable  to  vegetation. 
This  question  will  come  properly  under  review  hereafter.  I  may  here, 
however,  remark  that  if  this  be  the  sole  reason  for  the  efficiency  of  gyp- 
sum, its  application  ought  to  be  beneficial  on  all  lands  not  already 
abounding  either  in  gypsum  or  in  sulphate  of  ammonia.^    But  if  the 

*  Soiln  reddened  bj  the  presence  of  oxide  of  Iron. 

t  Gypmm  to  milphaie  of  lime— «oo8ifl(ing  of  ralphuric  acid  (oil  of  vitriol)  and  qolclcllme. 
(Sarbooate  of  ammonia  eonatala  of  nartxMiic  acid  and  ammonia.  Whftn  itie  two  aubatancea 
aet  npoa  each  other  in  a  aoiat  8tate--tba  two  acitfa  change  plaoea— <he  aolpharic  acid,  aa  it 
^''^'^t  pr^vrmg  the  ammonia,  ttie  carbonic  acid  the  lime. 

I  Llebig  mya— ^*ihe  airllLinc  fertility  of  a  meaiiow  on  which  gypanm  fa  atrewed  di^pends 
anljy  on  fta  fixing  in  the  aoll  the  ammonia  of  tlie  atmoanh^rA,  whicli  would  otherwtae  be  vola- 
ttlixed  with  the  water  which  asapoimtea.  "^Or^onic  Ckem»$try  applied  to  Agrieulture^  p.  80. 
VRvJlxing  in  meant  the  forming  of  tulphate  with  the  ammooia.  Rain  water  fa  auppoaed  to 
bnng  diiwn  with  it  earbonaie  of  ammonia  (eommnn  ami*lling  aaha),  which  acta  upon  the  out- 
phateqfUmoUypoam)  in  auch  a  way  that  oulphato  ^omiiMniaaml  carbonato  of  time  un 
produeetl.  The  carbonate  of  ammonia  readily  volatliizea  or  riaea  again  into  the  air,  the  aiil* 
phate  doea  not — h<>nc«the  use  of  the  wordjl*.] 

When  we  come  to  conaider  the  aubject  of  mineral  mannrea  in  general,  we  ahall  atody 
more  in  detail  the  apecific  action  orgvpanm  in  promoting  TefRlatlonr-a  very  aimple  calcula^ 
tlon,  however,  will  aerve  to  ahew  that  the  above  theory  of  Liebig  ia  far  firom  aflbrding  a  aali^ 
lartory  expfainarion  of  ail  the  phenomena. 

Supposing  the  cypaom  to  meet  with  a  auffleient  anpply  of  ammonia  in  (he  aoil,  and  thatit 
eiereiaeailfl  full  Inltnence,  100  Iba.  of  common  Mn^urnea  gypaom  will  fix  or  form  aulphats 
with  ni>arly  SOlba.  or  ammonia  containing  ]6|  Iba.  of  nitrogf  n.  One  hundred  weight,  there* 
Ibre,  (112 Iba.)  will  form  aa  much  aolphate  aa  will  contain  ai^Iba.  of  ammonia,  and  If  Intro* 
doned  without  loaa  into  the  Interior  ofplanta  will  fornlah  them  with  IM  Iba.  of  nitroaen. 

1^.  In  the  flrat  volume  of  Britiah  Huabandry,  pp.  833,  323,  the  fbuowiog  experiment  is 
recorded: 

Mr.  Smith,  of  Tunatal,  nearSittlngbonnie,  top-dreaaed  one  portion  of  a  field  of  red  clover 
with  pow'lered  gypaum  at  the  rate  of  five  buanela  (or  four  hundred  welglit*)  per  acre,  and 
eom|»red  the  produce  with  another  portion  of  the  aame  field,  to  which  no  manure  had  been 

['  A  ton  of  pure  gypaum,  whan  cniahed,  will  yield  25  buahela.  It  ahould,  however,  al- 
Ibytaa^gM.] 
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resale  of  experimenuil  fanning  in  this  countir  an  to  be  tniited«  tUi  b 
by  no  means  the  case.  The  action  neither  of  this,  nor  probably  crf'any 
other  inorganic  substance  applied  to  the  soil,  is  to  be  eKplaamd  by  a 
reference  in  every  case  to  one  and  the  eame  propeny  only. 

7°.  The  presence  or  evolution  of  ammonia  in  a  soil  containing  animal 
and  vegetable  matter  in  a  decaying  stale,  induces  or  disposes  &is  mat- 
ter to  attract  oxyeen  from  the  air  more  rapidly  and  abundantly.  Tbe 
result  of  this  is,  that  organic  acid  compounds  are  formed,  which  oomhino 

appltod.  TiM  llrat  crop  wu  eat  for  bay,  and  the  sccood  i1p«D«l  for  sssd  Tbs  IbBowiiv 
wwrt  (h*  coapMMiTa  reaolta  per  acre : 

BAT  CROP.  BUD.  aTRAW. 

€wl.  an.  iAa.         tmu  era.  Um^ 

Gypauofied 60  3    21  22   3  U 

Vnmaoured SO  0   80  6    0   0 

Esceat  or  produce     .    .    40  8     1  iT  3  U 


Tbe  exeeaa  tf  produce  In  all  the  three  cropa  upon  the  fjMamed  land  ia  rerj  laiie :  ItC  v 

uldcooiaio.    In  a  prerfous  lecture  (IT.  p.  30)  t 


edcuiate  how  much  nirrogen  this  exceca  wouldcooiain.    In  a  prerfous  lecture  (IT.  p.  30)  tt 


waa  Mated  aa  ihe  reeult  of  BouBsinsanU'e  analyeee,  thai  dry  closer  leeil  eoMained  7  per 
rent  of  oitraffen,  and  the  eame  expenaaeDter  found  in  the  haj  of  r9d  Haver  U  per  ceaL  (or 
70  and  16  lt»a.  reapeclivelj  in  1000. ) 

The  teed  as  ft  waa  weighed  by  Mr.  Smith  would  •till  eontaln  one-nlmh  of  lia  weight  of 
water,  and,  conaequenll^f ,  only  6>ird  per  cent,  of  nitrogen,  [nee  Lecture  II.  p.  30.]  i«(  U 
Im  taken  at  6  per  cent  and  let  the  «<roie  be  auppoeed  to  contain  onlj  1  per  cent  of  nitro- 


gen, the  quantity  of  thie  element  beint  found  to  diminiah  In  the  graaeea  after  the  aeed  has 
ripened,  and  averaging  1  per  cent  in  the  eiraw  of  wheat,  oata,  and  barley,  t' 
tnigaQ  reaped  In  the  whole  crop  will  then  be  aa  foUowt  : 


ripened,  and  averaging  1  per  cent  In  the  eiraw  of  wheat,  oata,  and  barley,  lbs  welg bt  of  «^ 
pcNl  III  the  whole  crop  will  then  be  aa  foUowt : 

1.  40  cwt  of  hay  (4480  Ibe.)  at  1|  per  cent  of  nitrogen.  eoqtaJo  87  Iba. 

2.  86lba.ofeeedat6percent,  cooUin Slbei 

a  17  cwt  3qn.  12  Iba.  or  9000  Iba.  of  Kraw  at  1  per  cent  cootaln  20  lbs. 

Total  nitrogen  In  tbe  eseaaa  of  crop,  W  Ibeu 
Bat,  aa  above  ihewn,  the  Ave  botbeis  or  four  cwt  of  nrpeuoi  could  fix  oaly  90  Iba.  of  am- 
monia cnnialnini  74  iba  of  niirogeo,  kavingt  thertforty  Id  Urn.  or  omJ\fth  of  the  whoUy  to  bt 
dBTlttdfnm  9m%e  other  eanree. 

Now  ihle  reault  suppoaaa  ibat  none  of  the  grpaum  or  aulphate  of  ammoola  was  canrled 
away  by  the  raine,  but  that  the  whole  remainedio  the  aoil,  ana  produced  Ite  greateat  poMlbls 
eflrct  on  the  clover-<aRd  all  in  one  oeaton. 
But  the  effect  of  the  gypaum  doea  not  dltappear  with  the  crop  to  which  It  la  actoally  ap- 

Sled.  Ite  beneficial  action  le  extended  to  the  eucceedinc  crop  of  wheat,  and  on  graaa  bnda 
e  amelioration  ia  vlaible  for  a  meeeaeion  of  yean.  If,  then,  the  inoreaaad  pmdaeeof  a 
ringle  year  may  contain  more  nitroten  than  the  gypsum  can  be  auppoaed  lo  yie.d,  tbia  wb* 
stance  mutt  exercise  some  other  influence  over  vegetiitioa  than  la  Involved  ta  ita  snppuaod 
action  on  the  indellnlre  quantity  of  amau)nla  In  the  aimosphere. 

79.  Again.  Mr.  Barnard,  of  Little  Bordean.  Haota,  applied  2|cwt  per  acre  on  two-year 
old  sain  foln,oo  a  clayey  solL  Tbe  increaae<l  produce  of  thp  tlrst  culling  waa  a  ion  per 
■are,  and  In  October  fiilly  a  loo,  the  undressed  part  yielding  scarcely  any  hay  at  all,  while 
the  dresaed  part  gave  H  tona  The  second  year  no  gypaum  waa  applieil,  and  tne  dlffaranc* 
Is  said  lo  have  been  at  least  as  great- 

Supposing  the  Increased  pnxjuce  in  all  to  have  been  4  tons  of  hay,  and  the  nitmeen  It  con« 
tained  to  have  b«*ea  only  one  per  cent— the  4  tone  (8960  Ihe  )  would  conulo  about  90  Iba.  of 
nltraaeo.  But  2|  cwt  would  fix  only  46  Iba.  of  nitrogen  in  the  form  of  ammonia ;  aod  Utere- 
fore,  supposing  It  to  have  pnxlured  ita  maximum  effect,  thero  reutain  4A  Urn.  or  tieor/y  one 
haUof  Ihe  tekole,  unaeeountedfor  by  tbe  theory. 

1  woulii  not  be  nnderBtoo<i  to  place  abcioiuie  reliance  on  the  resalta  of  tbe  above  experi- 
ments; but  the  way  In  which  auch  results  may  he  easily  applied  for  the  purpoae  of  tenting 
theoretical  viewa,  will,  I  hope,  convince  the  intelligent  pr«ctical  agricuburist  how  important 
H  ta,  that  the  reaulu  of  some  of  the  experimenla  he  ia  every  year  making  ahoukj  be  accu- 
lately  deurmined  by  teeight  and  vteaettre.  By  thia  means  dau  would  gradually  be  accu- 
mulated, on  which  we  migtit  hope  to  found  more  uoexceprlonable  explanaiiona  of  the  phe- 
nomena of  vegetation,  than  the  raaulta  obtained  in  our  laboimtorlaa  have  biibeno  enabled 
na  to  advanre. 

In  a  subHequenC  note  It  will  be  ahewn  that  the  mode  in  which  the  nllratea  of  aoda  and 
potash  art— in  other  wnrd^  the  theory  of  (heir  action  upon  vegetation— may  be  tealed  by  a 
■imiUr  simple  calculation,  and  the  iaifKirtance  of  predae  exporiments  made  on  the  farm 
will  then  atill  further  sppear.  It  is  in  the  hope  of  indurinK  eom^  of  my  readers  to  make 
comparative  trials  and  publish  accurate  resiilis,  that  [  have  Introduced  Into  the  Appendix 
(No.  L>  an  ootUna  of  tbe  mode  In  whidi  such  experlmenu  may  most  usalbtty  bspwiiiMailj 
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wirh  the  ammonia,  nnd  form  ammonincal  salts.*  On  the  dcicorapoei- 
tion  of  these  salts  hy  lime  or  otherwise-— the  or|ranic  acids  which  are  se- 
pBmted  frofn  them,  are  always  more  advanced  towards  that  state  in 
which  they  again  become  fit  to  act  as  food  for  plants. 

8°.  Bui  the  most  interesting,  and  perhaps  the  most  important  proper- 
ty of  ammonia,  is  one  which  I  have  already  had  occasion  to  bring  under 
your  notice,  as  possessed  by  water  also,  and  as  peculiarly  fitting  that 
fluid  for  the  varied  functions  it  performs  in  reference  to  vegetable  Itfe. 
This  pmperty  is  the  ease  with  which  it  undergoes  decoro position,  either 
in  the  air,  in  the  soil,  or  in  the  interior  of  plants. 

In  the  air  it  is  diffu-sed  through,  and  intimately  mixed  with,  a  large 
excess  of  oxygen  gas.  In  the  soil,  especially  near  the  surface,  it  is  also 
continually  in  contatit  with  oxygen.  By  the  influence  of  electricity  in 
the  air,  and  of  lime  and  other  bases  in  the  soil,  it  undergoes  a  constant 
though  gradual  decomposition  (oxidation),  its  hydrogen  being  chiefly 
converted  into  water,  and  a  portion  of  its  nitrogen  into  nitric  acid.f 

In  the  interior  of  plants  this  and  other  numerous  and  varied  decom- 
positions in  all  probability  take  place. 

The  im))ortant  influence  which  ammonia  appears  to  exercise  over  the 
growth  of  plants — the  evidence  for  which  I  shall  presently  lay  before 
you— is  only  to  be  explained  on  the  supposition  that  numerous  transfor- 
mations of  organic  substances  are  effected  in  the  interior  of  living  vege- 
tables—which transformations  all  imply  the  separation  from  each  other, 
or  the  re-arrangement  of  the  elements  of  which  ammonia  consists.  In 
the  interior  of  the  plant  we  have  seen  that  water,  ever  present  in  great 
abundance,  is  also  ever  ready  to  yield  its  hydrogen  or  its  oxygen  as  oc- 
casion may  require,  while  these  same  elements  are  never  unwilling  to 
unite  again  for  the  formation  of  water.  So  it  is,  to  a  certain  degree, 
with  ammonia.  The  hydrogen  it  contains  in  so  large  a  quatnity  is  ready 
to  separate  itself  from  the  nitrogen  in  the  interior  of  the  plant,  and,  in  con- 
cert with  the  other  organic  elements  introduced  by  the  roots  or  the  leaves, 
to  aid  in  producing  the  different  solid  bodies  of  which  the  several  [tarts 
of  plants  are  made  up.  The  nitrogen  also  becomes  fixed  in  the  coloured 
petals  of  the  flowers,  in  the  seeds,  and  in  other  parts,  of  which  it  appears 
to  constitute  a  necessary  ingredient — passes  ofi'in  the  form  of  new  com- 
pounds, in  the  in^^osible  perspiration  or  odoriferous  exhalations  of  the 
plant,— or  returning  with  the  downward  circulation,  is  thrown  ofl^by  the 
root  into  the  soil  from  which  it  was  originally  derived.  Much  obscurity 
slill  rests  on  the  actual  transformations  which  take  place  in  the  interior 
of  plants,  yet  we  shall  be  able  in  a  future  lecture,  I  liope,  to  arrive  at  a 
tolerably  clear  understanding  of  the  general  nature  of  many  of  them. 

Such  are  the  more  important  of  those  properties  of  ammonia,  to  which 
we  shall  hereafter  have  occasion  to  advert.  The  sources,  remote  as 
well  as  immediate,  from  which  plants  derive  this,  and  other  compounds 
we  have  described  as  contributing  to  the  nourishment  and  growth  of 
plants,  will  be  detailed  in  a  subsequent  section. 

"  Oi^inlc  aeiitafnkemTlj  contain  more  oxTgeo  lo  proportion  to  their  carbon  and  bjdio- 
gen,  than  lho«e  which  hth  aUctUijte  ot  neutral 

t  It  will  he  remembered  that  ammonia  ia  repreaenterl  by  NH3,  water  by  HO,  and  nitria 
letn  bj  NOs.  It  18  ea«y  to  see,  therefore,  liow,  bjr  meaoa  of  oxygen,  ammonia  ehoold  kt 
coBvarted  into  water  and  nitric  acid. 
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§  6.  Mtric  acid,  its  eonsiiiution  and  prupertiei* 

When  the  oitre  or  saltpetre  of  commerce  is  introduced  into  a  retoitt 
covered  with  stmng  sulphuric  acid  (oil  of  vitriol*)  and  heated  over  a  lamp 
or  a  charcoal  fire,  red  fumes  are  given  ofT,  and  a  transparent,  oflen 
brownish  or  reddish  liquid,  distils  over,  which  may  be  collected  in  a  bot- 
tle or  other  receiver  of  class.  This  liquid  is  exceedingly  acid  and  cor- 
rosive. In  small  quantity  it  stains  the  skin  and  imparts  a  yellow  colour 
to  aninuil  and  vegetable  substances.  In  larger  quantity  it  corrodes  the 
skin,  producing  a  painful  sore,  rapidly  destroys  animal  and  vegetable 
life,  and  speedily  decompoees  and  oxidizesf  nil  orfanic  substances. 
Being  obtained  from  nitre,  this  liquid  is  called  nitric  acid.  It  consists  of 
nitrogen  combined  with  oxygen,  one  equivalent  of  the  former  (N)  being 
unit<3  to  5  of  the  latter  (Oj),  and  is  represented  by  NO^. 

This  acid  contains  much  oxygen,  as  its  formula  indicates,  and  its  ac- 
tion on  nearly  all  organic  substances  depends  ufion  the  ease  with  which 
it  is  decomiMsed,  and  may  be  made  to  part  with  a  portion  of  this  oxygen. 

In  nature,  it  never  occurs  in  a  free  state ;  but  it  is  found  in  many  in- 
tertropical (hot)  countries  in  combination  with  potash,  soda,  and  lime— in 
the  state  of  nitrates.  It  is  an  important  character  of  tliese  nitrates  that,  like 
the  salts  of  ammonia,  they  are  all  very  soluble  in  water.  Those  of  so- 
da, lime,  and  magnesia  attract  moisture  from  the  air,  and  in  a  damp  at- 
mosphere gradually  assume  the  liquid  form. 

Saltpetre  is  a  compound  of  nitric  acid  with  potash  (nitrate  of  potash). 
It  is  met  with  in  the  surface  soil  of  many  districts  in  Upper  India,  and 
is  sepasatad  by  washing  the  soil  and  subsequently  evaporating  (or  boil- 
ing down)  the  clear  liquid  thus  obtained.  When  pure,  it  does  not  be- 
come moist  on  exposure  to  the  air.  It  is  chiefly  used  in  the  manufac- 
ture of  gunpowder,  but  has  also  been  recommended  and  frequently  and 
successfully  tried  by  the  practical  husbandman,  as  an  influential  agent 
in  promoting  vegetation. 

In  combination  with  soda,  it  is  found  in  deposits  of  considerable  thick- 
ness in  the  district  of  Arica  in  Northern  Peru,  from  whence  it  is  im- 
ported into  this  country,  chiefly  for  the  manufacture  of  nitric  and  sulphu- 
ric acids.  More  recently  its  lower  price  has  caused  it  to  be  extensively 
employed  in  husbandry,  especially  as  a  top-dressing  for  grass  lands. 
Like  the  acid  itself,  these  nitrates  of  potash  and  soda,  when  present  in 
large  quantities,  are  injurious  to  vegetation.  This  is  probably  one  cause 
of  the  barrenness  of  the  district  of  Arica  in  Peru,  and  of  other  countries, 
where  in  consequence  of  the  little  rain  that  falls,  the  nitrous  incrusta- 
tions are  accumulated  upon  the  soil.  In  small  quantity  they  appear  to 
exercise  an  important  and  salutary  influence  on  the  rapidity  of  growth, 
and  on  the  amount  of  produce  of  many  of  the  cultivated  grasses.  This 
salutary  influence  is  to  be  ascribed,  either  in  whole  or  in  part,  to  the 
constitution  and  nature  of  the  nitric  acid  which  these  salts  contain.     It 

*  Sulphorleaeld  is  a  eompoand  ofoxrgen  tod  sulphur,  which  is  prrpsred  br  bambif  sal. 
phar  wilh  cerlsiD  pr«e«utloos  In  lanre  leaden  chambers.  It  is  also  obtained  (urecUj  by  dis* 
tllUnc  ^reen  vUriet  (sulphate  of  iron)  at  a  hlfh  temperature  in  an  iron  sUU— hence  Its  name  oil 
ofvitnol.  It  is  a  heavy,  oily,  acid,  and  remarlcably  corrosive  liquid.  In  a  concentnied  state 
it  is  exoeedlnirty  destnieUve  both  to  animal  and  to  vegeiabie  Ufe. 

t  When  asabslanee  oomMnes  with  osugtn,  either  rn  conaeqoeocs  of  exposure  to  the  air 
or  to  any  oUig  ctrcnmitancea,  it  Is  asid  to  become  osidbud. 
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is  chiefly  with  a  view  to  the  explanation  I  shall  hereafter  attempt  to 
give  of  uie  nature  of  this  salutary  action,  that  I  have  tliought  it  neces- 
sary here  to  make  you  acquainted  with  tliis  acid  compound  of  nitrogen 
and  oxygen,  in  connection  with  tlie  alkaline  compound  (ammonia)  of  the 
same  gas  with  hydrogen. 

Having  thus  shortly  described  both  the  organic  elements  themselves^ 
and  such  chemical  compounds  of  these  elements  as  appear  to  be  most 
ooncemed  in  promoting  the  growth  of  plaiMs,  we  are  prepared  for  enter- 
ing upon  the  consideration  of  several  very  important  questions.  These 
questions  are— 

1°.  From  what  source  do  plants  derive  the  organic  elements  of  which 
they  are  composed  ? 

2^.  In  what  form  do  plants  take  them  up— or  what  proof  have  we 
that  the  com  pounds  above  described  really  enter  into  plants? 

3°.  By  what  organs  is  the  food  introduced  into  the  circulation  of 
plants?  In  consequence  of  what  peculiar  structure  of  these  several 
parts  are  plants  enabled  to  take  uf)  the  com  pounds  by  which  they  appear 
to  be  fed ;  and  what  are  the  functions  of  these  parts,  by  the  exercise  of 
which  the  food  is  converted  and  appropriated  to  their  own  sustenance 
and  further  cjowth  ? 

4^.  By  what  chemical  changes  is  the  food  assinulated  by  plants,  that 
ia— after  being  introduced  into  the  circulation,  through  wnat  series  of 
chemical  changes  does  it  pass,  before  it  is  converted  by  the  plant  into 
portions  of  its  own  substance  ? 

5°.  By  what  natural  laws  or  adaptations  is  the  supply  of  those  com- 
pounds, which  are  the  food  of  planti,  kept  up  ?  Animals  are  supported 
by  an  unfailing  succession  of  vegetable  crops,— by  the  operation  of  what 
invariable  laws  is  food  continually  provided  for  plants  ? 

These  questions  we  shall  consider  in  succession. 
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LECTURE  IV. 

Boaree  of  the  omanle  elaBientf  of  plant*— flooree  of  the  ewtion-^onn  In  which  It  entoa 
Into  Uit  cireaktioo  of  plani»— fkMirce  of  ihe  hydr(Mre»--floarce  of  tto«  oxygen— iSouree  of 
Uio  BiiroffOD— Form  In  which  nitrof  es  mtua  telo  tiM  ctrcutolkMi  of  |itam>  Ahwrpttuu  &t 
ammonia  aad  nitric  acid  bj  plaotaL 

The  first  of  the  series  of  auestioiw  stated  at  the  close  of  the  preceding 
lecture,  regards  the  source  from  which  plants  derive  the  oreanic  ele- 
ments of  which  they  are  composed.  They  are  supported,  it  is  obvious* 
at  the  conjoined  expense  of  the  earth  and  'tlie  air — >how  much  do  they 
owe  to  each,  and  for  which  elements  are  they  chiefly  and  immediately 
indebted  to  the  soil,  and  for  which  to  tlie  atmosphere  7  We  must  ficst 
consider  the  source  of  each  element  separately. 

§  1.  Source  of  the  carbon  of  pUmU. 

We  have  already  seen  reason  to  believe  that  carbon  is  incapable  of 
entering  directly,  in  its  solid  state,  into  the  circulation  of  plants.  It  ia 
aeneraUy  considered,  indeed,  that  solid  substances  of  every  kind  are  un- 
fit for  being  taken  up  by  the  organs  of  plants,  and  that  only  such  as  are 
in  the  liquid  or  gaseous  state,  can  be  absorbed  by  the  minute  vessels  of 
which  the  cellular  substances  of  the  roots  and  leaves  of  plants  are  com- 
posed. Carbon,  therefore,  must  enter  either  in  the  gaseous  nr  liquid 
ftmn,  but  from  what  tource  must  it  be  derived  ?  There  are  but  two 
aourees  from  which  it  can  be  obtained, — the  soil  in  which  the  plant 
grows— and  the  air  by  which  ita  stems  and  leaves  are  surrounded. 

In  the  soil  much  vegetable  matter  is  often  present,  and  the  farmer 
adds  vegetable  manure  in  large  quantities  with  the  view  of  providing 
food  for  bis  intended  crop.  Are  plants  really  fed  by  the  vegetable  mat- 
ter which  exists  in  the  soil,  or  by  tlie  vegetable  manure  that  is  added  to 
it? 

This  question  has  an  important  practical  bearing.  Let  us,  therefore^ 
submit  it  to  a  thorough  examination. 

1*^.  We  know,  from  sacred  history,  what  reason  and  science  concur 
in  confirming,  that  there  was  a  time  when  no  vegelable  matter  existed 
in  the  soil  which  overspread  the  eartirs  surface.  The  first  plants  must 
have  grown  without  the  aid  of  either  animal  or  vegetable  matter-^hat 
is,  they  must  have  been  nourished  from  the  air. 

2°.  It  is  known  that  certain  marly  soils,  raised  from  a  great  depth 
beneath  the  surface,  and  containing  apparently  no  vegetable  matter, 
will  yet,  without  manure,  yield  luxuriant  crops.  The  carbon  in  such 
cases  must  also  have  been  derived  from  the  air. 

3°.  You  know  that  some  plants  grow  and  increase  in  size  when  siia- 
pended  in  the  air,  and  without  being  in  contact  with  the  soil. 

You  know,  also  that  many  plants— bulbous  flower  roots  for  example 
—will  grow  and  flourish  in  pure  water  onlv,  provided  they  are  open  to 
the  access  of  the  atmospheric  air.  Seeds  nbo  will  germinate,  and* 
when  duly  watered,  will  rise  into  plants,  though  sown  in  substances 
that  contain  no  trace  of  vegetable  matter. 
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Thus  De  Saussure  found  that  two  bean.s  when  caused  to  vegetate  in 
the  open  air  on  pounded  flints,  doubled  the  weight  of  the  carbon  they 
on«2inaIly  contained. 

Under  similar  circumstances  Boussingault  found  the  seeds  of  trefoil 
increased  in  weight  2^  times,  and  wheat  gave  plants  enualln  weight, 
when  dry,  to  twice  that  of  the  original  grains,  [Ann.  de  Chim  et  de  Phys. 
Ixvii.,  p.  1.]  The  source  of  tlie  carbon  in  all  these  cases  cannot  be 
doubted. 

4°.  When  lands  are  impoverished,  you  lay  them  down  to  grass,  and 
the  longer  chey  lie  undisturbed  the  richer  in  vegetable  matter  does  the 
soil  become.  When  broiien  up,  you  find  a  black  fertile  mould  where 
little  trace  of  organic  matter  had  previously  existed. 

The  same  observation  applies  to  lands  long  under  wood.  The  vege- 
table matter  increases,  the  soil  improves,  and  when  cleared  and  plough- 
ed it  yields  abundant  crops  of  corn. 

Do  grasses  and  trees  derive  their  carbon  from  the  soil  ?  Then,  how, 
by  their  growth,  do  they  increase  the  quantity  of  carbonaceous  matter 
which  the  soil  contains  ?  It  is  obvious  that,  taken  as  a  whole,  they 
must  draw  from  the  air  not  only  as  much  as  is  contained  in  their  own 
substance,  but  an  excess  also,  wliich  (hey  impart  to  the  soil. 

5°.  But  on  this  point  the  rapid  growth  of  ppat  may  be  considered  as 
absolutely  conclusive.  A  tree  falls  across  a  little  running  stream,  dams 
up  the  water,  and  produces  a  marshy  spot.  Rushes  and  reeds  spring 
up,  mosses  take  root  and  grow.  Year  after  year  new  shoots  are  sent 
forth,  and  the  old  plants  die.  Vegetable  matter  accumulates ;  a  bog, 
and  finally  a  thick  bed  of  peat  is  forined. 

Nor  does  this  peat  form  and  accumulate  at  the  expense  of  one  spe- 
cies or  genus  of  plants  only.  Latitude  and  local  situation  are  the  cir- 
cumstances which  chiefly  eflfect  this  accumulation  of  vegetable  matter 
on  tlie  soil.  In  our  own  country,  the  lowest  layers  of  peat  are  formed 
of  aquatic  plants,  the  next  of  mosses,  and  the  highest  of  heath.  In 
Terra  del  Fuego,  "nearly  every  patch  of  level  ground  is  covered  by 
two  species  of  plants  (atf^eua  pumi/a  of  Brown,  and  donatia  magellan- 
ifa)^  which,  by  their  joint  decay,  compose  a  thick  bed  of  elastic  peat." 
"In  the  Falkland  Islands,  almost  every  kind  of  plant,  even  the  coarse 
grass  which  covers  the  whole  surface  of  the  island,  becomes  converted 
into  this  substance."* 

Whence  have  all  these  plants  derived  their  carbon  ?  The  quantity 
ori/sinally  contained  in  the  soil  is,  after  a  lapse  of  years,  increased  ten 
thousand  fold.  Has  dead  matter  the  power  of  reproducing  itself? 
You  will  answer  at  once,  that  all  these  plants  must  have  grown  at  the 
expense  of  the  air,  must  have  lived  on  the  carbon  it  was  capable  of  af- 
irirJing  them,  and  as  they  died  must  have  left  this  carbon  in  a  state  un 
fit  to  nourish  the  succeeding  races. 

This  reasoning  appears  unobjectionable,  and,  from  the  entire  group  of  . 
%cis,  we  seem  justified  in  concluding  that  plants  e^ry  where,  and 
under  all  circumstances,  derive  the  whole  of  their  carbon  from  the  at' 
mo^phere. 

*  Darwin**  Rmearehna  in  Geology  and  Naiurtd  JTbtory,  pp.  349-Ga  Dr.  tSenrllle  infbrmt 
me  thst  the  Mltiia  bpprtMches  mora  nearly  to  the  iance«or  rtmk  <r»6e,miid  tbedwMlMilo  our 
QiAsii  isj(UJrM|QSi  Umb  Io  mm  gthflf  fffl'tth  p|f  n** 
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In  certain  extreme  cases,  as  in  those  of  plants  growing  in  the  air  and 
in  soils  perfectly  void  of  organic  matter,  this  conclusion  mast  be  abacH 
lutely  true.  The  phenomena  admit  of  no  other  interpretation.  Bat  ia 
it  as  strictly  true  of  the  more  usual  forms  of  vegetable  life,  or  in  the  or- 
dinary circumstances  in  which  plants  grow  spontaneously  or  are  culti- 
vated by  the  art  of  man  ?  Has  the  vegetable  matter  of  the  soil  no 
connection  with  the  growth  of  the  trees  orlierbage  T»-does  it  yield  them 
no  regular  supplies  of  nourishment  7  Does  nature  every  where  form  a 
vegetable  mould  on  which  her  wild  flowers  may  blossom  and  her  pri- 
meval forests  raise  their  lofty  heads  ?  Has  the  agricultural  experience 
of  all  ages  and  of  all  countries  led  the  practical  farmer  to  imitate  nature 
in  preparing  such  a  soil  ?  Does  nature  work  in  vain  ?— is  ail  this  ex- 
perience to  be  at  once  rejected  ? 

While  we  draw  conclusions,  legitimate  in  kind,  we  must  be  cautious 
how,  in  degree,  we  extend  them  beyond  our  premises. 

The  consideration  of  one  or  two  facts  will  shew  thst  our  general  con- 
clusion must  either  be  modified  or  more  cautiously  expressed. 

1^.  It  is  true  that  plants  will,  in  certain  circumstances,  grow  in  a  soil 
containing  no  sensible  quantity  of  organic  matter — ^but  it  is  also  true, 
generally^  that  they  do  not  luxuriate  or  readily  ripen  their  seed  in  sach  a 
soil. 

2^.  It  is  consistent  with  almost  universal  observation,  that  the  sanio 
soil  is  more  productive  when  organic  matter  is  present,  than  when  it  ia 
wholly  absent. 

3°.  That  if  the  crop  be  carried  c^  a  field,  less  organic  matter  is  left 
in  the  soil  than  it  contained  when  the  crop  began  to  grow,  and  that  by 
constant  cropping  the  soil  is  gradually  exhausted  of  organic  matter. 

Now  it  must  be  granted  ihat  tillage  alone,  without  cropping,  would 
gradually  lessen  the  amount  of  organic  matter  in  the  soil,  by  continually 
exposing  it  to  the  air  and  hastening  its  decay  and  resolution  into  gaseous 
substances,  which  escape  into  the  atmosphere.  But  two  years*  open 
fallow,  with  constant  stirring  of  the  land,  will  not  rob  it  of  vegetable 
matter  so  eflfectually  as  a  year  of  fallow  succeeded  by  a  crop  of  wheat. 
Some  of  the  vegetable  matter,  therefore,  which  the  soil  contained  when 
the  seed  was  sown,  must  be  carried  off  the  field  in  the  crop. 

The  conclusion  therefore  seems  to  be  reasonable  and  legitimate,  that 
the  crop  which  we  remove  from  a  field  has  not  derived  all  its  carbon  di- 
rectly from  the  air— but  has  extracted  a  portion  of  it  immediately  from 
the  soil.  It  is  to  supply  this  supposed  loss,  that  the  practical  farmer 
finds  it  necessary  to  restore  to  the  land  in  the  form  of  manure— amonc 
other  substances^the  carbon  also  of  which  the  straw  or  hay  had  robbed 
the  soil. 

But  bow  is  this  reooncileable  with  our  previous  conclusion,  that  the 
whole  of  the  carbon  is  derived  from  the  air  ?  The  difficulty  is  of  easy 
solution. 

A  seed  germinates  in  a  soil  in  which  no  vegetable  matter  exists ;  it 
sprouts  vigorously,  increases  then  slowl^r,  grows  languidly  at  the  expense 
of  the  air,  and  the  plant  dies  stunted  or  immature.  But  in  dying  it  im- 
parts vegetable  mauer  to  the  soil,  on  which  the  next  seed  thrives  better 
—-drawing  support  not  only  from  the  air,  but  by  its  roou  from  the  weal 
also.    ^hOMUbof  thiateo(»dplameDiielietUieaoUluitber»«iidtliiM» 


while  each  sneeeediiig  plant  is  partly  nonriiiied  by  ibod  fram  the  eartfa, 
yet  each,  when  it  ceases  to  live,  imparts  to  the  soil  all  the  carbon  wfaidi 
during  irs  life  it  has  extracted  fiom  the  air.  Let  the  quantity  which 
each  plant  thns  returns  to  the  soil,  exceed  what  it  has  drawn  from  it  by 
only  one  ten<4housandtb  of  the  whole,  and— unless  other  causes  inter- 
▼ene— the  vegetable  matter  in  the  soil  most  increase. 

Thus  while  it  is  strictly  true  that  the  carbon  contained  in  all  plants 
has  been  originaUy  derived  from  the  air,  it  is  not  true  that  the  tcnoU  of 
what  is  contained  in  any  one  crop  we  raise,  is  direeUy  derived  from  the 
afmosphere— -the  proportion  it  draws  from  the  soil  is  dependent  upon  nu* 
merous  and  varied  circumstances. 

The  histfiry  of  vegetable  growth,  therelbre— in  so  far  at  least  as  the 
increase  of  the  carbon  is  concerned — may  be  thus  simply  stated  : 

l^'.  A  plant  pows  partly  at  the  expense  of  the  soil,  and  partly  at  that 
of  the  air.  When  it  reaches  maturity,  or  when  winter  arrives,  it  dies. 
The  dead  vegetable  matter  decays,  a  pan  of  it  is  resolved  into  gaseous 
matter  and  escapes  into  the  air,  a  part  remains  and  is  incorporated  with 
the  soil.  If  that  which  remains  be  greater  in  quantity  than  that  which 
the  plant  in  growing  derived  from  the  soil,  the  vegetable  matter  will  in- 
crease; if  less,  it  will  diminish. 

2°.  In  warm  climates  the  decay  of  dead  vegetable  matter  is  more 
rapid,  and,  therefore,  the  portion  left  in  the  soil  will  be  less  than  in 
more  temperate  regions— in  other  words,  the  vegetable  matter  in  tfa« 
aoil  will  increase  less  rapidly— it  may  not  increase  at  all. 

3^.  As  we  advance  into  colder  countries,  the  decay  and  disappearance 
of  dead  vegetable  matter,  in  the  form  of  gaseous  substances  which  escape 
Into  the  atmosphere,  become  more  slow-^ill  at  length,  between  the  par- 
allels of  40^^  and  46°,  it  begins  to  accumulate  in  vast  quantities  in  favour- 
able situations,  forming  peat  bogs  of  greater  or  less  extent.  While  the 
living  plant  here,  as  in  warm  climates,  derives  carbon  both  from  the 
earth  and  from  the  air,  the  dead  plant,  during  its  slow  and  partial  decay, 
restores  little  to  the  atmosphere,  and  therefore  adds  rapidly  to  the  vege- 
table matter  of  the  soil. 

4^.  Again,  in  one  and  the  same  climate,  the  decay  of  vegetable  mat- 
ter, and  its  conversion  into  gaseous  substances,  is  more  rapid  in*)>ropor- 
tion  to  the  frequency  with  which  it  is  disturbed  or  exposed  to  the  action 
of  the  sun  and  air.  Hence  this  decay  may  be  comparatively  slow  in 
shady  woods  and  in  6elds  covered  by  a  thick  sward  of  grass;  and  in  such 
situations  organic  matter  may  accumulate,  while  it  rapidly  diminishes 
in  an  uncovered  soil,  or  in  fields  repeatedly  ploughed  and  subjected  to 
frequent  cropping.* 

Being  thus  fitted,  by  nature,  to  draw  their  sustenance— now  from  the 
earth,  now  from  the  air,  and  now  from  both,  according  as  they  cajD  most 
readily  obtain  it— plants  are  capable  of  living,— thoo|h  rarely  a  mbust 
life, — at  the  expense  of  either.  The  proporuon  of  their  food  which  they 
actually  derive  from  each  source,  will  depend  upon  many  circumsiAn- 
ces— on  the  nature  of  the  plant  itself— on  the  period  of  its  growtb*-on 
the  soil  in  which  it  is  planted— on  the  abundance  of  food  presented  to 

*  In  maoviQg  s  erop  w«  take  away  both  what  tha  plaots  hava  racelTcd  from  tba  earth  and 
what  they  hare  abaoibed  from  the  air— the  materfala,  bi  abort,  iotendad  by  natore  to  re^on 
aielesssf  v^Mtabls  awttir  siliii^  tttm  Ow  aiimsl  dscsy. 


•  flie  losssf  vsgacaUs  1 


•I     tULVTB  9MMTVt  9mt9pmtMm  Mw  rmm  Am  aii»  bt  «n  toit. 

•kher  extfemUy^HJO  the  wannth  and  moiatare  of  tha  eltodata— oa  the  te» 
raiioD  and  intensity  of  the  sunshine,  and  other  circumstaiieaa  of  a  similar 
kind— so  that  the  only  ceneral  law  seems  to  be,  that,  like  animals,  planCa 
have  also  the  power  of  adapting  themselves,  to  a  certain  extent,  to  the 
conditions  in  which  they  are  placed ;  and  of  supporting  life  by  the  aid  of 
such  sustenance  as  may  be  within  their  reach. 

Such  a  view  of  the  ooorse  of  nature  in  the  vegetable  kingdom,  is  con* 
sistent,  I  believe,  widi  all  known  fiicta.  Aixl  that  the  Deity  has  bounti* 
fully  fitted  the  various  orders  of  plants^— with  which  the  surface  of  the 
earth  is  at  ooce  beautified  and  rendered  capable  of  supporting  animal 
life— to  draw  their  nourishment,  in  somA  spots  more  from  the  ay,  in  oth- 
ers more  from  the  soil,  is  only  in  accordance  with  the  numerous  provisions 
we  everywhere  perceive,  for  the  preservation  and  continuance  of  the 
present  condition  of  things. 

By  taking  a  one^ded  view  of  nature,  we  may  arrive  at  startling 
eonclusions-— correct,  if  taken  aM  partial  truths,  yet  false,  if  advanced  aa 
general  propositiona— and  fitted  to  lend  into  error,  such  as  have  not  the 
requisite  knowledge  to  enable  them  to  judge  for  themselvea— or  such  as, 
doubtful  of  their  own  judgment,  are  willing  to  yield  assent  lo  the  author* 
ity  of  a  name. 

Of  this  kind  appears,  at  first  sight*  to  be  the  statement  of  Liebig,  that 
'*  when  a  plant  is  quite  matured,  and  when  the  organs  by  which  it  oh* 
tains  food  from  the  atmosphere  are  formed,  the  carbonic  acid  of  tlie  toil 
is  no  further  required'*— and  that,  ** during  the  heat  of  summer  it  derives 
its  carbon  CKclusively  from  the  atmosphere."— [Organic  Chemistry  ap- 
plied to  Agriculture,  p.  48.] 

A  little  consideration  will  shew  us  that,  while  the  proposition  contained 
in  the  former  quotation  may  be  entertained  and  advanced  asama^r^ 
ojnnsofi— 4he  laaer  Is  obviously  incorrect.  In  summer,  when  the  sua 
shines  the  brightest,  and  for  the  greatest  number  of  hours,  the  evapora* 
tioo  from  the  leaves  of  all  plants  (their  insensible  perspiration)  is  tha 
greatest— the  largest  supply  of  water,  therefore,  must  at  this  season  be 
absorbed  by  the  roots,  and  transmitted  upwards  to  theleaves.— [Lindley's 
Theory  of  Horticulture,  p.  46.]— But  this  water,  before  it  enters  the  roots, 
has  derived  carbonic  acid  and  other  soluble  substances  from  the  air  and 
from  the  soil,  in  as  large  quantity  at  tliis  period  as  at  any  other  during 
the  growth  of  the  plant;  and  these  substances  it  will  carry  with  it  in  iu 
progress  through  the  roots  and  the  stem. 

Are  the  functions  of  the  root  changed  at  this  stage  of  the  plants* 
growth  ?  Do  they  now  absorb  pure  water  only,  carefully  separating  and 
refusing  to  admit  even  such  substances  as  are  held  in  solution  ?  Or 
do  the  same  materials  which  miuister  to  the  growth  of  the  plant  in  its 
eariter  stages,  now  paas  upwards  to  the  leaf  and  return  again  in  the 
eottise  of  the  circulation  unchanged  and  unemployed,  to  be  again  re- 
jected at  the  roots  ?  Does  all  this  take  place  in  the  height  of  summer, 
while  the  plant  is  still  rapidly  increasing  in  size  7  The  opinion  is  neir 
ther  supported  by  facts  nor  consistent  with  analogy. 

But  such  an  opinion,— however  the  words  above  quoted  may  mislead 
some,— is  not  intended  to  be  advanced  by  Liebig;  for,  in  the  following 
page  he  says,  that  **  the  power  which  roots  possess  of  taking  up  nourish- 
mam  does  not  cease  ao  long  as  nutrioeot  ia  presant*'*    la  auxumai^ 
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dierolbre,  a*  weU  as  So  spriag  or  to  autmiiQt  the  plaat  must  be  ever  ab« 
sorbing  Doari«}io)eat  by  these  roots,  if  the  soil  is  capable  ofafibrdiog  it— > 
and  thus,  in  the  general  vegetation  of  the  globe,  the  increase  of  carbon 
in  growing  plants  must,  at  every  season  of  the  year,  be  partly  derived 
fipom  the  vegetable  matter  of  the  soil  in  which  they  grow. 

§  2.  Farm  in  tehich  carbon  enters  into  ike  circulation  of  plants* 

Supposing  it  to  be  established  that  the  whole  of  the  carbon  contained 
in  plants  iias  originally  been  derived  from  the  air — we  have  only  to  in* 
quire  in  what  slate  this  element  exists  in  the  atmosphere,  in  order  to 
satisfy  ourselves  as  to  the  form  of  combination  ia  which  it  is  and  has 
been  received  into  the  circulation  of  plants.  In  considering  the  consti- 
tution of  the  atmosphere  in  the  preceding  lecture,  it  was  stated  that  car- 
bonic acid,  a  compound  of  carbon  and  oxygen,  is  always  present  in  it — 
and  that,  though  this  gas  is  difiused  through  the  aix  in  comparatively 
small  quantity  only,  yet  it  is  everywhere  to  be  detected,«-while  no 
other  compound  of  carbon  is  to  be  found  in  it  iu  any  appreciable  nuanti- 
ty.  We  must  conclude,  therefore,  that  from  this  gaseous  carbonic  acid 
the  whole  of  the  carbon  contained  in  plants  has  been  pritnarily  derived. 
This  conclusion  is  confirmed  by  the  observation  so  frequently  made, 
that  the  leaves  of  plants  in  sunshine  absorb  carbonic  acid,  and  that 
plants  die  in  an  atmosphere  from  which  this  gas  is  entirely  excluded. 

But  we  have  seen  reason  to  believe  that,  under  existing  circumstan- 
ces, plants  also  extract  a  portion  of  the  carbon  they  contain  from  the 
soil  in  which  they  grow.  In  what  state  or  form  of  combination  do  th^ 
roots  absorb  carbon  1 

The  most  abundant  product  of  the  decay  of  vegetable  matter  in  the 
soil,  is  the  same  carbonic  acid  which  plants  inhale  so  largely  from  the 
atmosphere  by  their  leaves.  In  a  soil  replete  with  vegetable  matter, 
therefore,  the  roots  are  surrounded  by  an  atmosphere  more  or  less 
charged  with  carbonic  acid.  Hence  if  they  are  capable  of  inhaling 
gaseous  substances,  this  gas  will  enter  the  roots  in  the  aeriform  state — it 
not,  it  must  enter  in  solution  in  the  water,  which  the  roots  drink  in  so 
largely,  to  supply  the  constant  waste  caused  by  the  insensible  perspira- 
tion of  the  leaves. 

During  the  early  fermentation  of  artificial  manures  there  is  also  de- 
veloped in  the  soil  a  variable  proportion  of  light  carbu retted  hydrogen 
(Lecture  III.,  p.  49),  which  is  supposed  by  some  to  enter  occasionally 
into  the  roots.  That  it  does  enter,  however,  is  doubtful,— and  we  are 
safe,  I  think,  in  considering  this  compound  not  only  as  an  uncertaiq 
source  of  the  carbon  of  plants,  but  as  one  from  which,  in  the  most  fa- 
vourable circumstances,  they  can  derive  only  a  small  supply. 

Thus,  from  the  earth  as  from  tlie  air,  the  most  unfailing  supplyof  ibod 
is  the  gaseous  carbonic  acid. 

But  88  the  water  passes  through  the  soil  it  takes  up  inorganic  subslan- 
ces^-potasb,  soda,  lime,  magnesia— and  conveys  them  through  the  roots 
into  the  circulation  of  the  plants.  Can  it  refuse  to  take  up  and  to  perform 
a  similar  oflSce  to  the  soluble  organic  substances  it  meets  yr\tht  as  it  sinks 
through  the  soil  ?  Or  do  the  spoiigioles  of  the  roots  keep  a  perpetual 
watch  over  the  entering  waters,  to  prevent  the  introduction  of  every  so- 
luble farm  of  carbon  but  that  of  carbonic  acid?    Or,  figippQ^ipg  f^viclj^ 
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subsfances  introduced  into  the  interior  of  tbe  plant,  are  inme  of  tbem 
digested  there  and  converted  to  the  general  purpoeee  of  food  T  A  state- 
ment of  two  or  three  facts  will  afford  a  satiafacuary  reply  to  these  several 
questions. 

1^.  When  plants  are  made  to  grow  in  infusions  of  madder  the  radide 
fibres  are  tinned  of  a  red  colour. 

2^.  The  flower  of  a  white  hyacinth  becomes  red  afler  a  few  hours, 
when  the  earth  in  which  it  is  planted  is  sprinkled  with  the  juice  of  the 
jhvhalaca  drcandra  (Biot). 

Tfierefore  organic  mbstanees  can  enter  into  Ae  roote^  ond  (kenet  viUo 
the  circulation^  of  the  plant. 

3^.  The  colour  oi  the  madder  does  not  usually  extend  upwards  to 
the  leaves  and  flowers  of  the  plant. 

4°.  The  colour  imparted  to  the  flower  of  the  white  hyacinth  disap- 
pears in  the  sunshine  in  the  course  of  a  few  days. 

Organic  colouring  matters,  therefore,  undergo  a  chemical  change  either 
in  the  stem,  in  the  leaf,  orinOte  ./unrer—- some  sooner,  some  later— and 
the  same  is  probably  the  case  with  most  other  organic  substances  which 
gain  admission  into  the  interior  of  plants. 

6^.  Sir  Humphry  Da\'y  introduced  plants  of  mint  into  weak  solutions 
of  sugar,  gum,  jelly,  the  tannins  principle,  &c.,  and  found  that  tliey 
grew  vigorously  m  all  of  them.  He  then  watered  separate  spots  of  grass 
with  the  same  several  solutions,  and  with  common  water,  and  found  all 
to  thrive  more  than  that  to  which  common  water  was  applied—- while 
those  treated  with  sugar,  gum,  and  gelatine  grew  luxuriantly. — [Davy*s 
Agricultural  Chemistry,  Lecture  Vl.] 

Therefore  different  organic  substances— being  introduced  into  the  cir- 
culation and  there  changed— are  converted  by  plants  into  their  own  sub- 
stance, or  act  as  food,  and  nourish  the  plant. 

We  may  consider  it,  therefore,  to  be  satisfactorily  established  that, 
while  a  plant  sucks  in  by  its  leaves  and  roots  much  carbon  in  the  form  of 
carbonic  acid,  it  derives  a  variable  portion  of  irs  immediate  sustenance 
(of  its  carbon)  from  the  soluble  organic  substances  that  are  within  reach 
of  its  roots. 

This  fact  is  never  doubted  by  the  practical  husbandman.  It  forms 
the  basis  of  many  of  his  daily  and  most  important  operations,  while 
the  results  of  these  operations  are  further  pnxifs  of  the  fact. 

The  nature  of  the  soluble  substances  which  are  formed  during  the  de- 
cay of  animal  and  vegetable  substances— and  which  the  roots  of  plants 
are  supposed  to  take  up— will  be  considered  in  a  subsequent  lecture.* 

§  3.  Source  of  the  hydrogen  of  plants. 

The  source  of  the  hydrogen  of  plants  is  less  doubtful,  and  will  re- 
quire less  illustration,  than  the  source  of  the  carbon.  This  elementary 
substance  is  ixH  known  to  exist  in  nature  in  an  uncombined  suie,  andf, 
therefore,  it  must,  like  carbon,  enter  into  plants  in  union  with  some  other 
element. 

1^.  Water  has  been  already  shewn  to  consist  of  hydrogen  in  oombina- 

*  Thto  part  of  thA  mbjMt  night  have  been  diacoMed  here  withoat  efipeAflag  oat  of  dIms 
!r:S?L*iym  ^J°J^.*°  °^"  ^ppropritsly,  I  (hiok,  when  treeiiog  of  tbe  nsuire  and  aiode  of 
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tion  with  oxygen.  Tn  the  form  of  vapour,  this  compocind  pervades  the 
atmosphere,  and  plays  among  the  leaves  of  plants,  while  in  the  liquid 
state  it  is  diffused  through  the  soil,  and  is  unceasingly  drunk  in  by  the 
roots  of  all  livin;^  vegetables.  In  the  interior  of  plants— at  least  during 
their  growth — this  water  is  coniinuallv  undergoing  decomposition,  and 
it  is  unquestionably  the  chief  source  of  the  hydrogen  which  enters  into 
the  consiiiution  of 'their  several  parts.  In  explaining  the  properties  of 
water  I  have  already  dwelt  ui)on  the  apparent  facility  with  which  its 
elements  are  capable  either  of  separating  from,  or  of  r«-uniting  to,  each 
other,  in  the  vascular  system  of  animals  or  of  plants.  The  reason  and 
precise  results  of  these  transformations  we  shall  hereafler  consider. 

2^.  In  light  carburetted  hydrogen  (CH3),  siv^n  otTas  already  stated 
during  the  decay  of  vegetable  matter,  and  said  to  be  always  present  io 
highly  manured  soils,  this  element,  hydrogen,  exists  to  the  amount  of 
nearly  one- fourth  of  its  weight.  On  the  extent,  therefore,  to  which  this 
gaseous  compound  gains  admission  into  the  roots  of  plants,  will  de- 
pend the  supply  of  hydrogen  which  they  are  capable  of  drawing  from 
this  source.  Had  we  satisfactory  evidence  of  the  actual  absorption  of 
this  (marsh)  gns  by  the  roou  or  leaves  of  plants,  in  any  quantity,  we 
should  have  no  difficulty  in  admitting  that  plants  might,  tmtn  this  source, 
easily  obtain  a  considerable  supply  both  of  carbon  and  of  hydrogen.  It 
would  be  also  easy  to  explain  how  (ihat  is,  by  what  chemical  changes,) 
it  is  capable  of  being  so  appropnated.  But  the  extent  to  which  it  really 
acts  as  food  to  living  vegetables  is  entirely  unknown. 

3°.  Ammonia  is  another  compound,  containing  much  hydrogen,  [its 
formula  being  NH3,  or  one  equivalent  of  nitrogen  and  three  of  hydro- 
gen,] which,  as  I  have  already  stated,  exercises  a  manifest  influence  on 
the  growth  of  plants.  If  this  substance  enter  into  their  circulation  in 
any  sensible  quantity,— if,  as  some  maintain,  it  be  not  only  universally 
dinused  throughout  nature,  but  is  constantly  affecting,  and  influencing  at 
all  times,  the  universal  functions  of  vegetation — ^tbere  can  be  no  doubt 
that  the  hydrogen  it  contains  must,  to  an  equal  extent,  be  concerned  in 
the  production  of  the  various  organic  substances  which  are  formed  or 
elaborated  by  the  agency  of  vegetable  life.  How  far  this  probable  in- 
terference of*^ihe  hydrogen  of  ammonia  with  the  functions  of  the  vegeta- 
ble organs,  will  tend  to  explain  or  illustrate  the  influence  actually  exert- 
ed by  this  compound,  we  shall,  by  and  by,  more  accurately  inquire.  In 
the  mean  time,  the  quantity  of  ammonia,  which  actually  enters  into  the 
circulation  of  plants  m  a  state  of  nature,  is  too  little  known,  and  making 
the  largest  allowance,  probably  too  minute,  to  permit  us  to  consider  it  as 
an  important  source  of  hydrogen  to  the  general  vegetation  of  the  globe. 

4®.  The  soluble  organic  substances,  which  enter  into  the  circulation 
of  plants  through  the  roots,  as  shewn  in  the  preceding  section,  do  not 
consist  of  carbon  and  water  only,  but  of  combinations  of  carbon  with 
hydrogen  and  oxygen  in  various  proportions.  From  these  substances, 
therefore,  plants  clerive  an  uncenam  and  indefinite  supply  of  hydrogen 
in  a  state  already  half-organized,  and  probably  still  more  easily  assimi- 
lated or  converted  into  portions  of  their  own  substance,  than  when  this 
element  is  combined  with  oxygen  in  the  form  of  water. 

We  may,  therefore,  conclude  generally  in  regard  to  the  source  of  the 
hydrogen  of  plants— that  though  there  are  undoubtedly  several  othsr 
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forms  of  eomblnation  in  which  thU  element  may  enter  into  their  circQl»- 
tion,  IQ  QDcertaio  quantity'— yet  that  all-pervading  water  is  the  main 
and  constant  source  fram  which  the  liydrogen  of  vegetable  substances  is 
derived. 

§  4.  Source  of  the  oxygen  of  plants. 

We  can  at  once  |>erceive,  and  without  difficulty,  the  various  sources 
of  the  oxygen  of  plants ;  though  it  is  difficult  in  this  case  also  to  say 
how  much  tliey  derive  from  each. 

1°.  The  water  which  they  imbibe  so  largely  consists  in  great  part  of 
oxygen,  and  is  easily  decomposed,  [eight-nintns  of  the  weii^ht  of  water 
are  oxygen.]     This  alone  would  yield  an  inexhau.^tible  su|)ply. 

2°.  'The  atmosphere  contains  21  per  cent,  of  its  bulk  of  oxygen,  and 
the  leaves  of  plants  in  certain  circumstances  are  known  to  absorb  this 
oxygen.  The  air  in  which  they  live,  therefore,  might  be  another 
source. 

3°.  Carbonic  acid  contains  72  per  cent,  by  weight  of  oxygen,  and 
this  gas  is  also  known  to  be  absorbed  in  large  (ju  an  tit  y  from  the  atmos- 
phere by  the  leaves  of  plants^whiie  its  solution  in  water  is  admitted 
readily  by  the  roots. 

From  any  one  of  these  sources  an  ample  supply  of  oxygen  might 
readily  be  obtained,  and  it  may  be  considered  as  a  proof  of  the  vast  im- 
portance of  this  element  to  the  maintenance  of  animal  and  vegerable 
life,  that  it  is  everywhere  placed  so  abundantly  within  the  reach  of 
living  beings.  It  is  from  the  first  of  these  sources,  however,  from  the 
water  they  contain,  that  plants  are  believed  to  derive  their  principal 
supply.  The  reasons  on  which  this  opinion  is  founded  will  appear 
when  we  shall  have  considered  the  functions  of  the  several  parts  of 
plants,  and  die  chemical  changes  to  which  the  food  is  subjected  in  the 
course  of  the  vegetable  circulation. 

§  5.  Source  of  the  nitrogen  of  plants. 

The  quantity  of  nitrogen  present  in  plants  is  very  small,  compared 
with  that  of  any  of  the  other  elements  which  enter  into  rheir  constitu- 
tion. Of  this  yon  will  be  reminded,  by  a  reference  to  the  analyses  of 
hay,  oats,  and  potatoes,  exliibited  in  the  second  lecture  (page  30),  which 
shew  that  the  nitrogen  contained  in  these  several  cro|is,  when  perfectly 
dried  at  240°  F.,  is  respectively  1|,  2^,  and  1^  per  cent.  In  the  state 
in  which  they  are  usually  given  to  cattle  they  contain  a  still  less  per 
cenrage  of  nitrogen,  in  consequence  of  the  quantity  of  water  still  present 
in  them.  Thus  raw  potatoes  as  they  are  given  to  cattle  contain  only  | 
of  a  per  cent,  of  nitrogen,  hay  1}  per  cent.,  and  oats  1^*  per  cent.,  or  a 
hundred  pounds  of  each  contain  5  ounces,  1  pound  5  ounces,  and  1  pound 
14  ounces  respectiveVy. 

It  would  appear  at  first  sight  as  if  this  small  quantity  of  nitrogen 
could  lie  cf  Uttie  importance  to  the  plant,  especially  since,  as  we  shall 
hereafter  see,  it  does  not  enter  as  a  constituent  into  those  vegetable  sub- 
stances, sucb  as  woo<ly  fibre,  starrli,  sugar,  and  gum,  which  plants  pro- 
duce in  the  greatest  abundance,  and   of  which  their  own  stems  and 

*  0  33, 1  ^29,  and  1  -87  p«r  cent  — th«  potatoM  conlalninc  olao  72  por  MCrt.  of  waltr,  Uie  bar 
14iaodtlisoaiai»f«rc«Hk  ^ 
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braocbes  chiefly  oodsisc.  The  same  remark,  however,  applies  to  tbia, 
as  to  many  other  cases  which  present  themselves  to  the  chemist,  during 
his  analyses,  especially  of  organized  substances,— that  those  elements 
which  are  present  only  in  small  quantity  are  as  necessary— as  essential 
—to  the  constitution  of  the  particular  substance  in  which  they  occur,  as 
other  elements  are  of  which  tiiey  contain  much ;  and  that  if  these  small 
f|nantlties  are  removed  or  absent,  not  only  are  the  physical  and  chemi- 
cal properties  of  the  substance  materially  altered,  but  it  is  found  also  to 
exercise  a  very  diflerent  influence  on  animal  and  vegetable  life.  Thia 
latter  observation  will  present  itself  to  you  in  a  very  striking  light,  when 
we  come  hereafter  to  study  the  nutritive  properties  of  the  several  kinds 
of  food  by  which  animals  are  chiefly  supported,— and  shall  see  on  what 
elemrntary  body  their  relative  nutritive  properties  depend,  or  by  the 
amount  of  which  their  relative  value  appears  at  least  to  be  indicaiea. 

But  a  consideration  of  the  abaolute  quantity  of  nitrogen  contained  in 
an  entire  cmp  will  satisfy  you  that  though  small  in  comparative  amount, 
[that  is,  compared  with  ihe  carbon  and  oxygen  which  plants  contain,] 
this  element  cannot  be  without  its  due  share  of  importance  in  reference 
to  vegetable  life.  Hay,  as  above  stated,  contains,  as  it  is  stacked,  1^* 
per  cent,  of  nitrogen,  or  a  ton  of  hay  contains  30  lbs.  of  this  element.  A 
good  crop  of  hay,  on  land  which  is  depastured  during  the  winter,  will 
amount  to  2  or  2i  tonsf  per  acre.  Taking  2  tons  as  an  average,  the  hay 
from  one  acre  will  contain  60  lbs.  of  nitrogen,  or  from  100  acres  6000  lbs.t 
equal  to  2}  tons  of  nitrogen. 

Allowing,  therefore,  nothing  for  the  aflermath,  and  supposing  the 
other  crops  to  contain  no  more  nitrogen  than  the  hay  does,  the  farmer  of 
five  hundred  acres  will  annually  carry  into  his  stack-yard  at  least  13 
tons  of  nitrogen  in  the  form  of  hay,  straw,  grain,  and  other  produce.| 

Nature  performs  all  her  operations  on  a  Targe  scale,  and  the  quantity 
of  materials  she  employs  are  large  in  a  corres[)onding  degree.  Hence, 
though  comparatively  small,  the  nitrogen  in  vegetable  substances  is  ab- 
soltUely  large.  You  cannot  suppose,  when  viewed  in  this  light,  that 
nitrogen  is  an  element  of  little  consequence  in  reference  to  vegetable 
life;  or  that  in  nature  it  should  be  so  constantly  and  universally  dif- 
fused without  reference  to  som?  important  end.  If  I  may  be  allowed  a 
familiar  illustration  of  the  mode  in  which  small  quantities  of  matter  will 
aflect  the  sensible  properties  of  large  masses,  I  would  recall  to  your 
minds  the  effects  of  seasoning  upon  food,  in  imparting,  when  added  in 
small  quantity  only,  an  agreeable  relish  to  what  would  otherwise  be 

*  In  mtVerent  crops  of  f»j  Boum^auU  foand  In  Uitm  mreni  yesra  Uie  foUowiagpro- 
yortloDt  ornltrogea  :— 

In  1838 

"  1838 

•*  1839 

AfUnnath 

t  The  ftev.  Mr.  Qde,  of  Kirklej,  Northaml>eTUuiMl,  informs  me  that  noma  of  hip  land 
near  the  Rail  has  yuMded  annually  at  this  rale  for  100  yean,  aiid  wilhoat  other  manure  than 
the  droppii^  fh>m'  the  caltle  which  have  fed  upon  It. 

peTam'*' This  iwy'c4Mtains  1^^^  nMr«»fen  (^TOwinsault)  that 

sooinioD  hay  does,  henoean  acrs  of  such  hay  would  conaUi  at  least  100  lbs.  of  nttrogen. 
Otoe  Lectors  Q.,  p.  dOi} 

uigmzeu  oy  x^j  vy^/pi  i\^ 


Hay,  as  commonly 

H*yj!d55»' 

sucked. 

SBOOP. 
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KMofnitrofeaper 

1.3 

115           "           " 

15 

18           «           " 

2-4 
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insipid.  But  I  need  not  dwell  on  this  point,  since  I  shall  hereafter  have 
occasion  to  draw  yoor  attention  to  certain  facts  in  reference  to  the  con- 
stitution of  the  atmosphere,  which  will  satisfy  you  that,  hy  the  agency 
of  comparatively  feeble  causes,  i^igantic  effects  are  continually  pniduc^ 
in  nature,— -and  that  we  can  scarcely  fall  into  a  graver  error  in  reason- 
ing of  natural  processes,  than  by  overlooking  the  agency  of  forms  of  mat- 
ter which  present  themselves  to  our  senses  in  minute  quantity  only.  Jo 
reference  to  insect  life  this  truth  has  been  long  established.  In  the  coral 
reefs  you  are  familiar  with  the  wonderful  results  of  the  persevering  la- 
bour of  minute  animals  in  one  element.  When  I  come  to  explain  the 
nature  and  origin  of  soils,  I  shall  have  occasion  to  show  that  even  the 
element  on  which  you  labour^— the  earth,  on  the  cultivation  of  which 
your  thoughts  and  hands  are  daily  employed^s  occasionally  indebted 
for  some  of  its  most  valuable  properties  to  a  similar  agency,  oAen  un- 
seen by  you,  and  though  working  for  your  good,  unheeded  and  un- 
thoujjrht  of. 

Whence,  then,  is  this  nitrogen  derived  by  plants?  The  primary 
source  it  is  not  difficult  to  see.  We  can  arrive  at  it  by  a  train  of  reason- 
ing similar  to  that  which  led  us  to  the  atmosphere  as  the  original  source 
of  the  carbon  of  plants.  Nitrogen  does  not  constitute  an  ingredient  of  any 
of  the  solid  rocks,*  nor  do  we  know  any  other  source  than  the  atmosphere 
from  which  it  can  be  obtained  in  very  large  quantity.  It  exists,  as  we 
have  seen,  in  many  vegeiables,  and  it  is  more  largely  present  in  animal 
substances,  but  these  organized  matters  must  themselves  have  drawn 
this  element  from  a  foreign  source,  and  the  atmosphere  is  the  only  one 
from  which  we  can  fairly  assume  it  to  have  been  originally  derived. 

Bat  though  the  nitrogen,  like  the  carbon  of  plants,  may  thus  be  traced 
to  the  atmosphere — as  its  orginal  source — it  does  not  follow  that  this 
element  is  either  absorbed  directly  from  the  air,  or,  in  an  uncombined 
and  gaseous  state.  Though  the  leaves  of  trees  and  herbs  are  continually 
surrounded  by  nitrogen,  the  constitution  of  plants  may  be  unfitted  for 
absorbing  it  by  their  leaves.  The  nitrogen  may  not  only  rec^uire  to  be 
in  a  state  of  combination  before  it  can  enter  into  the  circulation,  but  it 
may  also  be  capable  of  gaining  admission  only  by  the  roots.  These 
points  are  considered  in  the  foHowing  section. 

§  6.  Form  in  lohiek  the  nitrogen  enten  into  the  eirctdation  of  plants* 
The  question  as  to  the  form  in  which  nitrogen  enters  into  the  circula- 
tion of  plants  is  r)ne  which  at  the  present  moment  engages  much  attention. 
It  will  be  pmper,  therefore,  to  discuss  it  with  considerable  care. 

1^.  It  is  considered  an  essential  part  of  good  tillage  to  break  up  and 
loosen  the  soil,  in  order  ihai  the  air  may  have  access  to  the  dead  vege- 
table matter,  as  well  as  to  the  living  roots  which  descend  to  considerable 
depths  beneath  the  surface.  When  thus  admitted  to  the  roots,  it  is  im- 
possible that  some  of  the  nitroiren  of  the  atmosphere,  as  well  as  some  of 
Its  oxygen,  may  be  directly  absorbed  and  appmpriated  by  the  plant. 
To  what  extent  this  absorption  of  nitmgeo  may  proceed,  however,  we 


*  Except  coal,  and  eoal  itself  is  of  T<vetah1o  oriffin.    Throughout  all  rooks  In  which  oiv 
pnic  remaias  art*  foiitul,  more  or  Ians  animal  matter  containing  niiroc<>n  is  to  be  m<-  "''*^ 
but  ihese  remaioa«-e  only  accidentally  presenL,  and  they  musl  bsf  •  MrtTad  Uisir  j 
daring  Ufe,  either  firecUy  or  indirectly,  from  Uie  almosphere. 
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have  as  yet  do  experimental  resalta  frooi  which  we  can  form  any  esti- 
mate. Wlietber  it  takes  place  at  all  or  not,  is  wholly  a  matter  of  opinion. 

2^.  The  leaves  of  plants,  as  will  be  more  fully  explained  hereafter,  alMorb 
certain  gaseous  substances  from  the  atmosphere,  and  we  might,  therefore, 
expect  that  some  of  the  nitrogen  of  the  air  would,  by  this  channel,  be 
admitted  into  their  circulation.  This  view,  however,  is  not  confirmed 
by  any  of  the  experiraenu  hitherto  made  with  the  view  of  investigating 
the  action  and  functions  of  the  leaves.*  We  are  not  at  liberty,  there- 
fore, to  assume  that  any  of  the  nitrogen  which  plants  contain  has  in  this 
way  been  derived  directly  from  the  air.  It  may  be  the  case ;  but  it  is 
not  yet  proved.  ^ 

3°.  There  is  little  doubt,  however,  that  nitroeen  enters  the  roots  of 
plants  in  a  state  of  solution.  But  the  quantity  they  thus  absorb  is  un- 
certain— it  is  supposed  to  be  small,  and  must  be  variable. 

When  water  is  exposed  to  the  air  in  an  open  vessel  it  gradually  ab- 
sorbs oxygen  and  nitrogen,  though,  as  has  been  stated  in  a  previous  lec- 
ture, in  proportions  different  from  those  in  which  they  exist  in  the  atmos- 
phere. The  whole  quantity  of  the  mixed  gases  thus  taken  up  amounts 
to  about  4  per  cent,  of  the  bulk  of  the  water  (Humboldt  and  Gay-Lus- 
sac),  and  in  rain  water  about  |  of  the  whole  consist  of  nitrogen.  One 
hundred  cubic  inches  of  rain  water,  therefore,  will  carry  into  the  soil 
about  2|  inches  of  nitrogen  gas.  But  in  passing  through  the  soil,  tlie 
water  meets  with  other  soluble  substances  before  it  reaches  the  roots, 
especially  the  deep-seated  roots  of  plants.  It  takes  up  carbc^nic  acid, 
and  it  dissolves  solid  substances,  and  in  doing  so  it  is  a  pniperty  of  watei 
to  give  off  n  portion  of  the  other  gases  which  it  had  previously  absorbed 
from  the  air. 

But  let  us  suppose  that  rain  water  actually  takes  to  the  roots,  and  car- 
ries with  it  into  the  circulation  of  the  plant,  2  per  cent,  of  its  bulk  of 
nitrogen,  and  let  us  calculate  how  much  of  the  nitrogen  it  contains  a 
crop  of  hay  could  in  this  way  derive  from  the  air. 

*  See  snheeqoent  lecture  **  On  the  Mtructure  and/unetiona  of  the  HMralpartg  ofpUmtt." 
Tt)e  exj>enmenl8  above  referred  to  were  made  uuun  planu  growiog  in  clofie  vessels,  the 
»ir  conraiiiett  la  which  was  measured  and  examineu  (aitrtlysed)  both  tMfore  the  plants  were 
IntriMluced  and  aHer  they  Iwd  been  some  time  in  the  vessel.  In  these  experiments  the 
bulk  of  ihe  nitrogen  present  has  sometimes  been  observed  to  increase,  but  itercr  to  dimin- 
£dk,  in  qaaniiiy.  The  conclimton  seems  satisfactory,  that  no  nitrogen  is  abstracted  direoil/ 
from  the  atmosphere  bv  the  leaves  of  plants.  Yei  BoussifigaaU'  very  justiv  remarks,  that 
a  diminution  in  the  bulk  of  the  nitrogen  too  amall  to  be  detected  tn  tiie  (inilnarv  mode  of 
making  these  expert  ments,  would  be  sufficient  to  account  for  a  conaiderable  portion  of  that 
comparatively  umail  quantity  of  nitrogen  which  Is  present  in  all  llvinff  plants.  While,  there* 
fore,  we  accoid  their  due  welglit  loihene  researches  of  the  vegetable  plivsioIog}sts,  we  are 
not  li)  consuler  them  as  by  any  means  decisive  of  the  question.  With  thLs  rational  and  cao* 
tious  ron-lusion,  Liebig  is  not  satisfied ;  he  says,  ^  Wu  have  not  the  sligiitest  reason  for  be* 
Uevinx  that  the  lUtrogeii  of  the  aimoephere  takes  part  io  the  processes  of  assimiiatioo  of  plaols 
and  animals;  on  tl»e  contrary,  we  know  that  many  plants  emit  tJie  nitrogen  which  is  ab- 
sorbed by  their  roots  eHher  in  the  gaseous  form  or  in  solotion  in  water."  (p.  70.)  But  If 
Ihey  occasionally  expire  nitrogen  by  their  leaver  why  must  this  nitrocea  be  ejtacdy  that 
portion  which  htis  previously  been  ab«orbe<l  by  the  roots  In  the  uacombined  state,  aaa  the 
qoantiiy  of  which  is  so  uncertain  and  so  imiefinite  1 

r>  Bouasingaulc  details  a  series  of  experiments  In  Ihe  ccnne  of  which  he  made  peas,  trs- 
Ibu,  wheat,  and  oats,  grow  in  tlie  same  pore  siliceous  sand  containing  nooiiganlc  matter,  and 
watered  Uiem  with  the  same  distilled  water.  The  absolute  quanlity  of  nitrogen  Increeeed 
sensibly  In  the  peas  and  trefoil  during  their  growth ;  Is  the  wheat  and  oats  no  change  could 
be  detected  by  analysis.  From  these  results  he  is  Inclined  to  infer  that  the  green  loaves  of 
the  former  have  the  power  of  a^ntibly  absorbing  nitrogen  from  the  atmosphere,  while  those 
of  the  latter  have  not  this  power->iit  leaat  under  the  circumstances  In  which  the  experi- 
ments were  made.    This  conclusion,  however,  is  not  certain^  m  will  preaemly  be  ibewn.-* 
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Th«  quantity  of  rein  that  Mis  at  York  from  the  first  of  March  to  tbe 
middle  of  June— durinii:  which  time  the  grass  grows  and  ceneraHy  ri- 
pens—is about  five  inches.*  On  a  square  foot,  therefore,  there  fall  720 
cubic  inches  of  water,  containing  2  per  cent,  of  their  bulk,  or  14  cubic 
inches  of  nitrogen,  weighing  4f  grains.  This  gives  28  ibs.  for  the  quan- 
tity of  nitrogea  thus  brought  to  the  soil  over  an  entire  acre.  But  if  we 
consider  how  the  rain  falls  in  our  climate,  we  cannot  suppose  the  grass 
in  a  field  to  absorb  by  its  roots,  and  afterwards  perspire  by  its  leaves, 
more  than  one-third  of  the  whole.  This  quantity  would  carry  with  it  9 
lbs.  of  nitrogen  into  tbe  circulation  of  the  plants— -or  little  more  than  a 
sevenih  part  of  the  60  lbs.  which,  as  we  have  seen,  are  taken  off  the 
field  in  a  crop  of  hay. 

Such  a  calculation  as  this  aflbrds  at  the  best  but  a  very  rude  approxi- 
mation to  the  truth— it  seems,  however,  to  justify  us  in  concluding  that 
plants  can  derive  from  the  air,  and  in  an  uncombined  state,  only  a  small 
portion  of  the  nitrogen  they  are  found  to  contain — and  that  they  proba- 
bly draw  a  larger  supply  from  certain  compounds  of  this  elementary  sub- 
stance with  hydrogen  and  oxygen — which  are  known  to  come  within 
the  reach  of  i  heir  roots  and  leaves. 

The  most  important  of  these  compounds,  and  those  perhaps  the  most 
extensively  concerned  in  influencing  vegetation,  are  ammonia  and  nitric 
acid,  the  properties  of  which  have  been  described  in  the  preceding 
lecture,  t 

§  7.  Ahwrptian  of  ammonia  hy  plants. 

That  ammonia  enters  directly  into  the  circulation  of  plants  is  ren- 
dered probable  by  a  variety  of  considerations. 

1°.  Thus  it  is  found  to  be  actually  present  in  the  juices  of  many 
plants.  In  that  of  the  beet-root,  and  in  those  of  the  birch  and  maple 
trees,  it  is  associated  with  cane  sugar  (Liebig.)  In  the  leaves  of  the 
tobacco  plant,  and  of  scurvy  grass,  in  elder  flowers,  and  in  many  fungi, 
it  is  in  combination  with  acid  substances,  and  may  be  detected  by 
mixing  iheir  juices  wuh  quick-lime.— [Sclmbler  AgrietUtur  Chemiif 
II.,  p.  66.] 

2^.  Some  plants  actually  perspire  ammonia.  Among  these  is  the 
Ckenopodium  Olidum  (stinking  goosefcxjt),  which  is  described  by  Sir 
William  Hooker  as  "giving  out  a  most  detestable  odour,  compared  to 
putrid  salt  fish."  In  the  odoriferous  matter  given  ofi'  ammonia  is  con- 
tained, and  may  be  detected  by  putting  a  gla^  shade  over  the  plant, 
and  after  a  time  introducing  a  feather  moistened  with  vinegar  or  dilute 
muriatic  acid. — [Chevalier  Jour,  de  Pharm.  X.,  p.  TOO.]  It  is  also  pre- 
sent in  the  (xloriferous  exhalations  of  many  sweet-emeiling  plants  and 
flowers.— [Schiibler,  I.,  p.  162.] 

3^.  Nearly  all  vegetable  substances,  when  distilled  with  water,  yield 
an  appreciable  quantity  of  ammonia.     Thus  the  leaves  of  hyssop,  and 

*  The  rotalt  of  experiments  made  fn  1834 1>7  Prof  PhllTips  and  Mr.  Ertwant  Graf,  lite 
mean  annual  fall  of  rain  at  Torfc  la  alfout  22  inchea.— (Bee  Arib  Report  of  ibe  British  Aasocls. 
tion.  p.  173.) 

t  It  will  be  recollected  that  ammonia  conaifclaorone  equivalent  ornUmgen  (N)  united  to 
.three  of  liydrogHn  (HsXheing  represented  by  NH3;  and  ttiat  nitric  acid  consists  of  00s  of  ol* 
tntao  (N)  andfive  of  oxygea  iOs)f  Us  fon&ttls  beiaf  N09.--€os  Lactun  IIL,  p.  M. 
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the  flowers  of  the  liine  tree,  yield  distiUed  waters  in  which  ammonia 
can  be  detected  (Schubler),  the  seeda  of  plants  thus  distilled  yield  it  in 
abundance  (Gay-Lussac),  and  traces  of  it  may  be  found  in  most  vege- 
table extracts  (Liebig). 

4^.  Ammonia  is  also  given  off,  among  other  products,  when  wood  is 
distilled  in  iron  retorts  for  the  manufacture  of  pyroligneous  acid,  and  by 
a  similar  treatment  it  may  be  obtained  from  many  other  vegetable  sub- 
stances. 

The  above  facts,  however,  are  not  to  be  considered  as  proofs  that  am- 
monia enters  directly  into  the  circulation  of  plants  either  by  their  roots 
or  by  their  leaves.  That  which  is  associated  with  sugar  in  the  beet,  may 
have  been  fonned  by  the  same  converting  power  which,  in  the  inierior 
of  the  plant,  has  producet)  the  sugar  from  carbonic  acid  and  water.  So, 
that  exhaled  by  the  leaves  of  the  goosefoot,  which  grows  in  waste  places, 
especially  near  the  sea,  may  have  been  produced  during  the  upward 
flow  of  the  sap  or  during  its  passage  over  the  leaf.  And  we  know  that 
the  nitrogen  does  not  exist  in  the  state  of  ammonia  in  the  seeds  of  plants, 
or  in  wood,  or  in  coal^-though  from  all  of  them  it  may  be  obtained  by 
theprocesses  above  described. 

The  production  of  ammonia,  by  the  agency  of  a  high  temperature, 
may  be  illustrated  by  a  very  ^miliar  experiment  ofien  performed, 
though  for  a  very  different  purpose.  The  juice  and  dried  leaf  of  tobac- 
co contain  nitre  (nitrate  of  potash)  and  a  little  ammonia.  But  when 
tobacco  is  burned,  ammonia  in  sensible  quantity  is  given  off  along  with 
the  smoke,  chiefly  in  the  state  of  carbonate  of  ammonia.  This  may  be 
shown  by  bringing  a  lighted  cigar  near  to  reddened  litmos  paper,  when 
the  blue  colour  will  be  restored ;  or  to  a  red  rose,  when  the  leaves  will 
become  green  ;  or  to  a  rod  dipped  in  vinegar  or  in  dilute  muriatic  acid, 
when  a  white  cloud  will  appear. — [Runge,  Einleitung  in  die  teehnische 
Chemie,  p.  375.] 

In  this  case  a  portion  of  the  ammonia  given  off  by  the  tobacco  has 
most  probably  been  formed  during  the  combustion,  at  the  expense  of  the 
nitrogen  contained  in  the  nitrate  of  potash  which  is  present  in  the  leaf. 

6°.  But  there  are  other  circumstances  which  are  strongly  in  favour  of 
the  opinion,  that  ammonia  not  unfrequently  does  enter,  as  such,  into  the 
circulation  of  plants. 

Thus  it  is  proved,  by  long  experience,  that  plants  grow  most  rapidly 
and  most  luxuriantly  when  supplied  with  manure  containing  substances 
of  animal  origin.  These  substances  are  usuall^r  applied  to  the  roots  or 
leaves  in  a  state  of  fermentation  or  decay,  during  which  they  always 
evolve  ammonia.  Putrid  urine  and  night-soil  are  rich  in  ammonia, 
and  they  are  among  the  most  efficacious  of  manures.  This  ammonia 
is  supposed  to  enter  into  the  circulation  of  plants  along  with  the  water 
absorbed  by  their  roots,  and  sometimes  even  by  the  pores  of  their  leaves. 
We  can  scarcely  be  said  to  have  as  yet  obtained  decisive  proof  that  it 
does  so  enter,  bat  probabilities  are  strongly  in  favour  of  this  supposition ; 
and  when  we  come  hereafter  to  consider  minutely  the  mode  in  which  it 
is  likely  to  act,  when  within  the  plant,  we  shall  find  the  probabilities 
derived  from  practical  experience  lo  be  strengthened  by  the  deductions 
of  theory. 

But  though  the  facts  so  long  observed  in  relerenoe  to  the  actloo  i*  mor 
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imal  man  a  res  upon  vegetation,  justify  us  in  believing  that  ammonia 
actually  enters  into  the  ioois«  and  perhaps  into  tiie  leaves,  of  plants— we 
ought  not  hastily  to  conclude  that  all  the  nitrogen  which  plants  are  ca- 
pable of  deriving  from  decaying  animal  matter  mmt  enter  into  their  cir- 
culation in  the  form  of  ammonia.  Other  soluble  compounds  containing 
nitrogen  are  formed  during  the  decay  of  animal  substances— they  ac- 
tually exist  largely  in  the  liquid  manures  of  the  stable  and  fold -yard, 
and  they  can  scarcely  fail,  when  applied  to  the  soil,  to  be  to  a  certain 
extent  absorbed  by  the  roots  of  plants.  This  urea  is  a  substance  con- 
taining much  nitrogen,  which -exisu  in  the  urine  or  excrements  of  most 
animals,  and  by  its  decomposition  produces  carlionate  of  ammonia. 
But  being  very  soluble,  tiiis  substance  may  enter  directly  into  the  roots, 
and  may  be  there  decomposed,  and  made  to  give  up  its  nitrogen  to  the 
living  plant.  To  other  compound  substances  of  animal  origin  the  same 
observation  may  apply,*— «o  that  while  the  fact,  that  animal  manure  in 
a  state  of  fermentation  is  very  beneficial  to  vegetation,  may  be  consi  1- 
ered  as  rendering  it  highly  probable  that  the  ammonia  which  such 
manure  contains,  enters  directly  and  supplies  much  nitrogen  to  tha 
growing  plants,  it  must  not  be  entirely  left  out  of  view  that,  in  nature,  a 
portion  of  the  nitrogen,  derived  from  animal  substances,  may  be  ob- 
tained immediately  from  other  compounds  in  which  ammonia  does  not 
exist. 

To  what  amount  ammonia  actually  enters  into  the  circulation  of 
plants,  or  how  much  of  the  nitrogen  they  contain  it  actually  supplies, 
we  have  no  means  of  ascertaining.  Were  it  abundantly  present  in  the 
soil,  its  great  solubility  would  enable  it  to  enter,  with  the  water  absorbed 
by  the  roots,  in  almost  unlimited  quantity.  In  a  subsequent  section  we 
shall  consider  the  conditions  under  which  ammonia  is  produced  in  nature, 
the  comparative  abundance  in  which  it  exists  on  the  earth's  surface, 
and  the  extent  of  the  influence  it  may  be  supposed  to  exercise  on  the 
general  vegetation  of  the  globe. 

§  8.  Absorption  of  nitric  acid  by  plants. 
1°.  That  ammonia  is  actually  present  in  the  juices  of  many  living 
vegetables  has  been  adduced,  as  a  kind  of  presumptive  evidence,  that 
this  compound  is  directly  absorbed  by  plants.  A  similar  presum]>tion 
is  offered  in  favour  of  the  direct  entrance  of  nitric  acid,  by  its  invariable 
presence  in  combination  with  potash,  soda,  lime,  or  magnesia,  in  the 
juices  of  certain  common  and  well  known  plants.  Thus  it  is  said  to  be 
always  contained  in  the  juices  of  the  tobacco  plant,  of  the  sunflower,  of 
the  goosefoot,f  and  of  common  borage.  The  nettle  is  also  said  to  con- 
tain it,  and  it  has  been  detected  in  the  grain  of  barley 4  It  exists  pro- 
bably iu  the  juices  of  many  other  plants  in  which  it  has  not  hitherto 

"  Thus  It  may  tw  applied  mora  •tmnirlT  to  the  kippurte  atM,  which  exUta  In  the  aiiiie  of 
the  horee.  anil  other  heiMvoroiia  animala.  Thia  acid  decnmpoaea  natarally  Into  bvuoic 
add  end  nmmoola.  Tlie  aweet-acmited  Tprnalffriaa iAtUhosantkttm  Odoratum)  by  wdich 
hay  la  prri'ampd,  owea  ita  aicreeable  o<iouT  lo  the  preaence  of  thia  bentoie  add.  It  may, 
th«»refore,  Ik>  aappoeed  that,  wh^re  cattle  and  horaea  irase,  the  graaaaa  actoally  alksorb  Uk« 
hippurie  acid  contained  in  the  oiipe,  which  reaehea  their  nwta,  decompoae  it  aa  it  aacaiuto 
with  the  eap.  appropriate  ita  niiroKen,  aud  exhale  the  odoriferoua  benzole  acid. 

t  Oienopodium^  probably  in  all  the  apeciea  ofthlafenua.— See  Liebif,  p.  6B. 

X  Griaenthwalte  (New  Thevry  tff  Agriadtun^  p.  106)  eaya,  U  la  alwayapreaaot  In  btriey  la 
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been  aoa^t  fivr.  Weie  we«  therefore,  eDtided«  from  the  mere  preeeoce 
of  this  acid  in  plants,  to  infer  that  it  had  really  entered  hy  their  roots  or 
leaves,  we  should  have  no  hesitation  in  drawing  oar  conclusion.  But, 
like  ammonia,  it  may  have  been  formed  in  the  interior  of  the  living  ve* 
getable  ;*  and  hence  the  fact  of  its  presence  proves  nothing  in  regvd  to 
the  state  in  which  the  nitrogen  it  contains  entered  into  the  circulation  of 
the  plant. 

2^.  But  nitric  acid,  like  ammonia,  exerts  a  powerful  influence  on  the 
gTowinj(  crop,  whether  of  corn  or  of  grass.  Animal  matters,  as  we  have 
seen,  give  off  ammonia  during  their  decay,  and  manures  are  rich  anil 
efficacious  in  proportion  to  the  quantity  of  animal  manure  they  contain. 
The  crop  produced  also  is  valuable  and  rich  in  nitrogen  in  like  propor* 
lion.  Therefore,  as  already  stated,  it  is  inferred  that  ammonia  enters 
directly  into  the  living  plant,  and  supplies  it  with  nitrogen. 

The  effect  of  nitric  acid  is  similar  in  kind,  and  perhaps  equal  in  de* 
gree.  Applied  to  the  young  grass  or  sprouting  dioots  of  grain,  it  has- 
tens and  increases  their  growth,  it  occasions  a  larger  produce  of  grain, 
and  this  graio,  as  when  ammonia  is  employed,  is  richer  in  gluten^  and 
more  notritioos  in  its  quality. f  An  equal  breadth  of  the  same  field 
yields  a  heavier  produce,  and>  that  produce,  weight  for  weight,  contains 
more  when  saltpetre  or  nitrate  of  soda  have  l^n  applies  in  certain 
quantities  to  the  young  plants  which  grow  upon  it.  It  is  reasonable  to 
conclude,  therefore,  that  the  acid  of  the  nitrates,  in  some  form  or  other, 

*  Whan  Uie  beeurooc  uriv«t  wX  OMturltj,  ttie  Mfor  beclM  to  dininiih,  voA  Mttpalra  or 
dber  nttrates  lo  bo  formad^  probably  at  tbo  ozpooM  of  Uio  ammonta  which  Ibo  Joko  pro* 
vkraaljr  contaioed.'-'^>ecroizei]ea,  Jaw.  de  Phar.t  X.,  p.  42. 

t  Hm  analofoos  etTocta  of  ammoniacal  maourea  and  of  rho  iritntoa  on  tbo  relathro  q 


UOm  ofghiun  and  atareh  In  grain,  an  aliown  by  Uie  Ibllowinf  exparimoota : 

HermbataMft  aowod  oqoal  quantlUoa  of  Iho  aame  whoat,  on  oqual  plola  of  the  aame  ground, 
and  manored  them  with  equal  weighta  of  diflbrent  manurea.  Then  ftom  100  parte  of  each 
■ample  of  grain  produced,  he  obtained  alarch  and  gluten  In  the  MIowlns  nroporilona : 

Gluten.  Starch.  Pnaoce. 

Without  manure 9*2  66-7  3  fold. 

WHh  Tegetable  manure  (rotted 


polatoe  haulm) 9'S                 65-94  5 

Wkh  cow  di  "  " 

With  pigeoni        _ 

WiUihoreedung 137                61  «4  10 


Vkh  cow  dung 12-0  62-3  7 

With  pigeona' dung 12'S  63-9  9 


With goata* dung 32-9  424  13    *< 

With  sheep  dung 32*9  42  A  13   x 

Whh  dried  night*aoll 3314  4144  14    <* 

With  dried  oxblood 34^  41 3  14    « 

WiUi  dried  human  urine    .    •    •    36 1  89-3  13    **^ 

The  mannrea  employed  by  Bermbataedt  are  mtpprnd,  during  lennentalloB,  to  siphm 

nnre  ammonia  In  the  order  in  which  they  are  here  pUced,  beghmlna  at  the  lop  of  the  Uet; 

whUe  the  amount  and  kbid  of  tlie  prtxluce  obtained  by  the  oee  of  each,  allbrd  the  chief  erf* 

donee  hi  ftvoor  of  Uie  opinion  that  Uiia  ammonia  actually  enters  into  and  ytolda  nHnfeii  to 

Mr.  Hyeu  found  In  flour  nJeed  on  two  patch<>s  of  the  aame  tend  tai  Oloaeeaterahlre,  the 
one  dreaeed  with  nttimte  of  soda,  the  oUier  oodreea^d,  Uie  foUowing  propoitloiw : 

Ghiti^n.  Starch. 

In  the  nitrated    •    •    •    23*25  49-5 

In  the  unnltrated     •    -    19*  66HJ  ,         ^ 

And  Mr.  DaulMny,  (Tftrw  Xeehirat  en  A^r^^iillMrw,  p.  TV,]  in  Soiir  flom  wiMst  t^^ 
wUi  mltncifin.  foonu" 

In  the  nitrated 15  per  cent  ofglaten. 

in  ttie  unnltrated    ....    13       "  •'^ 

Theaediflbffvneeeareootaoatriitlngaalnthecaae  of  ammonia,  but  they  are  precMf 
Otf  aame  m  kind,  and  lead  \o  the  aame  gAm^ral  conelualon  in  regaid  to  the  nature  of  the  la- 
Snenee  of  the  nttratae  on  Tegeiaiion.  Accuntfe  and  repeated  experiaienia  on  Uie  predss 
cllbeii  of  the  nitniee  are  aUa  much  to  be  deatred. 
^  t&liMtttor.   Owii^Mf  dtr  Ajfim^mr  <■— fi^  P.  Mm 
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is  capable  of  entering  into  the  circulation  of  living  plants— and  ofyield- 
ioe  to  tliem,  in  whole  or  in  part,  the  nitrogen  they  contain. 

But  here,  agaio,  as  in  the  case  of  amnumia,  we  are  at  fault  in  regard 
to  the  quaniity  of  niirogen  which  plantsi  in  a  state  of  nature  aciually 
derive  from  nitric  acid  or  the  nitrates.  The  coin|M>uiKlsof  this  acid  with 
potash,  soda,  lime,  and  magnesia  (the  nitrates  of  iliese  substances),  are 
all  very  soluble  in  water.  The  quantity  of  this  fluid,  therefore,  which 
enters  by  the  roots  of  plants,  coiUd  easily  convey  into  tiieir  circulation 
far  more  of  these  nitrates  than  would  be  alone  suOicient  to  supply  the 
whole  of  the  niirogen  they  require — for  the  formation  of  all  their  parts 
and  products.  But  so  it  might  of  ammonia  or  its  salts,  as  has  already 
been  shown.  I  shall  hereafter  lay  before  you  certain  considerations 
which  may  probably  lead  us  to  approximate  conclusions  in  regard  to 
the  relative  influence  exercised  by  these  two  coin|Kmudson  the  general 
vegetation  of  the  globe. 

ConcZunofu.— Respecting  the  form  in  which  nirmgen  enters  into  the 
circulation  of  plants,  we  have  therefore,  I  think,  fairly  arrived  at  these 
deductions : 

1°.  That  the  nitrogen  of  the  atmosphere  may,  to  a  small  extent,  enter 
directly  into  the  living  vegetable  either  in  the  form  of  gas  or  in  solution 
In  water,  but  that  supposing  nitrogen  to  be  in  this  way  appropriated*  by 
the  plant,  tlie  quantity  so  taken  up  could  ibrm  only  a  small  quantity  of 
that  which  vegetables  actually  contain. 

2°»  That  ammonia  is  capable  of  entering  into  plants  in  very  large 
quantity,  and  of  yielding  niirogen  to  them,  and  that  in  European  agri- 
culture, which  employs  fermenting  animal  manure  as  an  important 
means  of  promoting  vegetable  growth,  it  does  appear  to  yield  to  cultiva- 
ted plants  a  considerable  portion  of  the  nitrogen  they  contain. 

3°.  That  nitric  acid,  in  like  manner,  is  capable  of  entering  into  and 
giving  up  its  nitrogen  to  plants;  and  that  where  this  acid  is  employed  as 
an  instrument  of  culture,  the  crops  obtained  owe  [tart  of  their  nitrogen 
to  the  quantity  of  this  comix>und  which  has  been  applied  to  the  grow* 
insi  plants.  The  same  inference  may  fairly  be  drawn  in  regard  to  the 
efllect  of  nitric  acid'-when,  in  the  form  of  nitrates,  it  exists  or  is  pro- 
duced naturally  in  the  soil. 

4^.  That  other  compound  bodies,  such  as  are  contained  in  urine,  or  are 
produced  during  the  decay  of  animal  matter,  may  also  enier  into  the 
circulation  of  plants,  and  yield  niirogen  to  promote  their  growth. 

On  the  whole,  however,  there  seem  strong  reasons  for  believing  that 
plants  are  inainly  dependent  on  ammonia  and  nitric  acid  for  the  nitro- 
gen they  contain  ;  and  that  they  obtain  it  most  readily,  and  with  least 
labour^  so  to  speak,  from  these  compounds, — ^though  nature  has  kindly 
fitted  them  for  deriving  a  stinted  supply  from  other  sources,  when  these 
substances  are  not  present  in  sufficient  abundance. 

How  far  each  of  these  compoimds  is  employed  by  nature,  as  an  in- 
strument in  prr)moiing  the  general  vegetation  of  the  globe,  will  be  con- 
sidered in  a  subsequent  lecture. 

*  Llebif  and  olhtra  nj  Uwt  ptenU  arc  ineapob!e  of  appropriating  or  aaalmllatlnf  (he  nitro 
>  which  gnterg  laio  tbetr  circulaiioo  in  the  aimple  Mate.    We  ihsll  coaelder  titta  qiU^ 


LECTURE  V. 

How  doM  the  food  enter  Into  tbe  eircoletion  of  plant*— fltnieture  of  ths  Mrenl  puts  of 
plaat»— Fnnetione  of  tbe  R>ot— Coune  of  the  eep— Gmim  of  lU  aMeM— FUwIlom  of 
the  ■tem-^f  the  le«ve»-^«Dd  0f  the  beck— Cireaniaiaiiece  bj  which  the  exerelM  of  tbeee 
fuoctkHW  ie  modified. 

Hating  now  taken  a  general  view  of  the  source  from  which  plants 
derive  the  elementary  substances  of  which  their  solid  parts  consist,  and  of 
the  mates  of  combination  in  which  these  elements  enter  into  the  vegeta- 
ble circulation,— the  next  step  la  our  inquiry  la^-how  are  these  substan- 
ces admitted  into  the  interior  of  living  plants— and  under  what  condi- 
tions or  regulations  7  We  are  thus  led  to  study  the  structure  and  func- 
tions of  the  several  parts  of  plants,  and  the  circumstances  by  which  the 
exercise  of  these  functions  is  observed  to  be  modified. 

§  1.  Qtmral  stntetmre  ofjdantSj  €md  of  their  several  parts. 

Plants  consist  essentially  of  three  parts — the  roots,  the  stem,  and  the 
leaves.  Tbe  former  spread  themselves  in  various  directions  tbron^h 
the  soil,  as  the  latter  do  through  the  air,  and  the  stem  is  dependent  for  its 
food  and  increase  on  the  rapidity  with  which  the  roots  shoot  out  and  ex- 
tend, and  on  the  number  and  luxuriance  of  the  leaves. 

We  shall  obtain  a  clearer  idea  of  the  relative  structure  of  these  several 
parts  by  first  directing  our  attention  to  that  of  the  stem. 

The  stem  consists  apparently  of  four  parts— the  pith,  the  wood,  the 
bark,  and  the  medullary  rays.  The  pith  and  the  m€^du11ary  rays,  how- 
ever, are  similarly  constituted,  and  are  only  prolongations  of  one  and 
the  same  substance.  The  pith  forms  a  solid  cylinder  of  sofl  and  spongy 
matter,  which  ascends  through  the  central  part  of  the  stem,  and  varies 
in  thickness  with  the  species  and  with  the  age  of  the  trunk  or  branch. 
The  wood  surrounds  the  pith  in  the  form  of  a  hollow  cylinder,  and  is  itself 
covered  by  another  hollow  cylinder  of  bark.  In  trees  or  branches  of 
considerable  age  the  wood  consists  of  two  parts,  the  oldest  or  heart  wood^ 
often  of  a  brownish  colour,  and  the  newer  external  wood  or  athurnum^ 
which  is  generally  softer  and  less  dense  than  the  heart  wood.  The  bark 
also  is  easily  separated  into  two  portions,  the  inner  bark  or  liber^  and 
the  epidermis  or  outer  covering  of  the  tree.  The  pith  and  the  bark  are 
connected  together  by  thin  vertical  columns  or  partitions,  which  inter- 
sect the  wood  and  divide  it  into  triangular  segments.  A  cross  section 
of  the  trunk  or  branch  of  a  tree  exhibits  these  thin  columns  extending 
in  the  form  of  rays,  or  like  the  spokes  of  a  wheel,  from  the  centre  to 
the  circumference.  Though  they  form  in  reality  thin  and  continuous 
vertical  plates,  yet  from  the  appearance  they  present  in  the  cross  sec- 
tion of  a  piece  of  wood,  they  are  distinguished  by  the  name  of  medulla- 
ry rays. 

These  several  parts  of  the  stem  are  composed  of  bundles  of  small 
tobes  or  hollow  cyliadrieal  vessels  of  various  sizer,  and  of  diflTerent 
Uodt,  the  stnietun  of  which  it  is  unnaceiiary  for  ut  taittt4y«    Tbi|r 
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are  all  intended  to  contain  liquid  and  ffaaeoos  sulMlaocet,  and  to  oonTej 
them  in  a  vertical,  aiad  eometimes  m  a  horizontal,  direction.  The 
tubes  which  compose  the  wood  and  bark  are  arranged  vertically,  as  may 
readily  be  seen  on  examining  a  piece  of  wood  even  with  the  naked  eye, 
and  are  intended  to  convey  Oie  sap  upwards  to  the  leaves  and  down- 
wards to  the  roots.  Those  of  which  the  pith  and  medullary  plates  con- 
sist are  arranged  horizontally,  and  appear  to  be  intended  to  maintain  a 
lateral  intercourse  between  the  pith  and  the  bark — perhaps  even  to  place 
the  heart  of  the  tree  within  the  infloence  of  the  external  air. 

The  root,  thooeh  prior  in  its  origin  to  the  stem,  may  nevertheless  for 
the  purpose  of  illustration  be  considered  as  its  downward  and  lateral 
prolongation  into  the  earth— as  the  branches  are  its  upward  prolonga- 
tion into  the  air.*  When  they  leave  the  lower  part  of  the  trunk  of  the 
tree,  they  differ  little  in  their  internal  structure  from  the  stem  itself. 
As  they  taper  oflT,  however,  first  the  heart  wood,  then  the  pith,  gradual- 
ly disappear,  till,  towards  their  extremities,  they  consist  only  of  a  soft 
central  woody  part  and  its  covering  of  soil  bark.  These  are  connected 
with,  or  are  respectively  prolongations  of,  the  new  wood  and  bark  of  the 
trunk  and  branches.  At  the  extreme  points  of  the  roots  the  bark  be- 
comes white,  soft,  spongy,  and  full  of  pores  and  vessels.  It  is  by  these 
spongy  extremities  only,  or  chiefly,  that  liquid  and  gaseous  substances 
are  capable  either  of  entering  into,  or  of  making  their  escape  from,  the 
interior  of  the  root. 

The  branches  and  twigs  are  extensions  of  the  trunk ;  and  of  the 
former,  the  leaves  may  be  considered  as  a  still  further  extension.  The 
fibres  of  the  leaf  are  minute  ramifications  of  the  woody  matter  of  the 
twigs,  arc  connected  through  them  with  the  wood  of  the  branches  and 
stems,  aud  from  this  wood  receive  the  sap  which  they  contain.  The 
green  part  of  the  leaf  may  be  considered  as  a  special  expansion  of  the 
bark,  by  which  it  is  fitted  to  act  upon  the  air,  in  the  same  way  as  the 
•PO"gy  niaas  into  which  the  bark  is  changed  at  the  extremity  of  the  root, 
is  fitted  to  act  upon  the  water  and  other  substances  it  meets  with  in  the 
soil.  For  as  the  fibres  of  the  leaf  are  connected  with  the  wood  of  the 
stem,  so  the  green  part  of  the  leaf  is  connected  with  its  bark,  and  from 
this  green  part  the  sap  first  begins  to  descend  towards  the  root. 

§2.  Tlte  functions  of  the  root 
The  position  in  which  the  roots  of  plants  in  their  natural  state  are  ge- 
nerally placed,  has  hitherto  prevented  their  functions  from  being  so  ac- 
curately investigated  as  those  of  the  leaves  and  of  the  stem.     While, 
therefore,  the  main  purposes  they  are  intended  to  serve  are  universally 

*  The  earreetneM  of  this  coinpariton  li  proTed  by  the  feet  that,  In  man  j  trees,  the  bnneli 
If  planted  wlD  become  a  root,  and  the  root,  if  ezpoaed  lo  the  air,  will  gfadually  be  tfftns- 
formed  Into  a  branch.  The  banana  in  the  foreal,  and  the  currant  tree  In  our  cardena,  ara 
femUlar  inatancee  of  trees  sponraneously  plantins  their  branches,  and  causinf  inem  to  per- 
form the  fbnetions  of  roots.  In  like  manner,  '*  if  die  stem  of  a  yoang  phim  or  etiarry-tne, 
or  of  a  witiow,  be  bent  in  the  autumn  so  that  one-half  of  the  top  can  be  laid  In  the  earth  and 
one-balfoftherootbeal  the  same  time  taken  care  full  j  up--shelterpd  at  fint  and  after- 
wards ffrsdoslly  exposed  to  the  cold— and  if  In  the  foUowtaf  year  the  remaSninfr  part  of  the 
top  and  root  be  treated  In  the  same  wav,  the  branches  of  the  top  wlU  become  roots,  and  the 
ramifications  of  the  roots  will  become  branchea,  produchig  leaTes,  flowers,  and  frolt  In  doe 
season.— [Loudon's  Eneudopadia  of  AgricuiSure.)  The  tree  is  thas  reveraed  In  posiUon, 
sndjhe  ppouand  bnaoties  balng  tbus  motaaUy  ooBveitfUs  csanot  be  mttsfhlly  unUke  in 


BOOTS  ABSORB  AqUKOUS  SOLUTIONS,  ANO  OXTOBJf.  77 

Known  and  understood,  the  precise  way  in  which  these  ends  are  accom- 
plished by  the  roots,  and  the  powers  with  which  they  are  invested,  are 
still  to  a  considerable  degree  matters  of  dispute. 

I.  It  appears  certain  that  they  are  possessed  of  the  power  of  absorb- 
ing water  in  laree  quantity  from  the  soil,  and  of  transmitting  it  upwards 
to  the  stem.  The  amount  of  water  thus  absorbed  depends  greatly  npon 
the  nature  of  the  soil  and  of  the  climate  in  which  a  plant  grows,  but 
much  also  upon  the  specific  structure  of  its  leaves  and  the  extent  of  its 
foliage. 

II.  The  analogy  of  the  leaves  and  young  twigs  would  lead  us  to 
suppose  that,  when  in  a  proper  state  of  moisture,  the  roots  sboold 
also  be  capable  of  absorbing  gaseous  substances  from  the  air  which 
pervades  the  soiL  Experiment,  however,  has  not  yet  shown  this  to  be 
the  case. 

We  know,  however,  that  they  are  capable  of  absorbing  gases  through 
the  medium  of  water.  For  if  the  roots  of  a  plant  are  placed  in  water 
containing  carbonic  acid  in  the  state  of  solution,  this  gas  is  found  gradu- 
ally to  disappear.  It  is  extracted  from  the  water  by  the  roots.  And  if 
the  water  in  which  the  roots  are  immersed  be  contained  in  a  bottle  only 
partially  filled  with  the  liquid,  while  the  remainder  is  occupied  by  at- 
mospheric air,  the  oxygen  in  this  air  will  also  slowly  diminish.  It  will 
be  absorbed  by  the  roots  through  the  medium  of  the  water.* 

Again,  if  in  the  place  of  the  atmospheric  air  in  this  bottle,  carbonic 
acid  be  substituted,  the  plant  will  droop  and  in  a  few  days  will  die.  The 
same  will  take  place,  if  instead  of  common  air  or  carbonic  acid,  nitro- 
gen or  hydrogen  gases  be  introduced  into  the  bottle.  The  plant  will  not 
ive  when  its  roots  are  exposed  to  the  sole  action  of  any  of  the  three. 

It  is  obvious,  therefore,  that  the  roots  of  plants  absorb  gaseous  sab- 
stances  from  the  air  which  surrounds  their  roots,  at  least  indirectly  and 
through  the  medium  of  water.  It  appears  also  that  from  this  air  they 
have  the  power  of  teUcting  a  certain  portion  of  oxygen  when  this  gas  is 
present  in  it.  Thirdly,  that  though  they  can  absorb  carbonic  acid  to  a 
limited  amount  without  injury  to  the  plant,  yef  that  a  copious  supply  of 
this  gas,  unmixed  with  oxygen,  is  fatal  to  vegetable  life.  This  deduction 
is  confirmed  by  the  fact  that,  in  localities  where  carbonic  acid  ascends 
through  fissures  in  the  subjacent  rocks  and  saturates  the  soil,  the  growth 
of  grass  is  found  to  be  very  much  retarded.  And,  lastly,  since  nitrogen 
is  believed  not  to  be  in  itself  noxious  to  vegetable  life,  the  death  of  the 
plant  in  water  surrounded  by  this  gas,  is  sup]X)sed  to  imply  that  the  pre- 
sence of  oxygen  is  necessary  about  the  roofs  of  a  growing  and  healthy 
plant,  and  that  one  of  the  special  functions  of  the  roots  b  constantly  to 
absorb  this  oxygen. 

This  supposition  is  in  accordance  with  the  fact  that.  In  the  dark,  the 
leaves  of  plants  absorb  oxygen  from  the  atmosphere ;  for  we  have  al- 
ready seen  reason  to  expect  that,  from  their  analogous  stracture,  the  roots 
and  leaves  in  similar  circumstances  should  perform  also  analoeons  func- 
tions.   At  the  same  time,  if  the  roots  do  require  the  access  and  presence 

*  It  will  be  racoUeet«d  tint  water  abeorbe  about  4  per  cent  of  Its  bolk  of  air  from  the  at. 
■MMphere,  of  whieh  ibottC  ooe-tbM  Is  oxygen.  If  the  roota  extraoc  this  ozjf en  from  the 
water,  the  latter  will  aain  driDk  in  a  Ireah  ponrtlea  from  the  atmoapherle  air  whioh  BBCts 
■borett.       ... 
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of  oxygen  in  the  soil,  it  would  further  appear  that  thoee  of  tome  plants 
require  it  more  than  those  of  others ;  inasmuch  as  some  genera,  like  the 
grasses,  love  an  open  and  friable  soil,  into  which  the  air  is  more  com- 
pletely excluded.— >[SprengeI,  Chemie,  II.,  p.  337.] 

III.  We  have  in  a  former  lecture  (IV.  p.  64)  concluded  from  facU 
there  stated,  that  solid  substances,  which  are  soluble  in  water,  accom- 
pany this  liquid  when  it  enters  into  the  circulation  of  ihe  plant.  This 
appears  to  be  true  both  of  organic  and  inorganic  substances.  Potash, 
soda,  lime,  and  magnesia  thus  find  their  way  iuto  the  interior  of  plants, 
as  well  as  those  substances  of  animal  and  vegetable  origin  to  which  the 
observations  made  in  the  fourth  lecture  were  intended  more  especially  to 
apply.  £ven  silica^*  corisidered  to  be  almost  insoluble  in  water,  enters 
by  the  roots,  and  is  found  in  some  cases  in  considerable  quantities  in  the 
stem.  Some  persons  have  hence  been  led  to  conclude  that  aUid  sub- 
stances, uiMlissolved,  if  in  a  minute  state  of  division,  may  be  drawn  into 
the  pores  of  the  root  and  may  then  be  carried  by  the  sap  upwards  to  the 
stem. 

Considered  as  a  mere  question  of  vegetable  mechanics,  argued  as  such 
among  physiologists,  it  is  of  little  moment  whether  we  adopt  or  reject 
this  opinion.  One  physiologist  may  state  that  the  pores  by  which  the 
food  enters  into  the  roots  are  so  minute  as  to  baffle  the  powers  of  the  best 
constructed  microscope,  and,  therefore,  that  to  no  particles  of  solid  mat- 
ter can  iliey  by  possibility  give  admission^while  another  may  believe 
solid  matter  to  be  capable  of  a  mechanical  division  so  minute  as  to  pass 
tbroujrh  the  pores  of  the  finest  membrane.  As  to  the  mere  fact  itself,  it 
matters  not  which  is  right,  or  which  of  the  two  we  follow.  The  adoption 
of  the  latter  opinion  implies  in  itself  merely  that  foreign  substances, 
unnecessary,  perhaps  injurious  to  vegetable  life,  may  be  carried  forward 
by  the  flowing  juices  until  in  some  still  part  of  the  current,  or  in  some 
narrower  vessel,  they  are  arrested  and  there  permaiMntly  lodged  in  the 
solid  substance  of  the  plant. 

By  inference,  however,  the  adoption  of  this  opinion  implies  also,  that 
the  inorganic  substances  found  in  plants,— those  which  remain  in  the 
form  of  ash  when  the  plant  is  burned,— are  accidental on\yt  not  essential 
to  its  constitution.  For  since  they  may  have  been  introduced  in  a  mere 
state  of  minute  mechanical  division  suspended  in  the  sap,  they  ought  to 
consist  of  such  substances  chiefly  as  the  soil  contains  in  the  greatest 
abundance,  and  they  ought  to  vary  in  kind  and  relative  quantity  with 
every  variation  in  the  soil.  In  a  clay  land  the  ash  sliould  consist  chiefly 
of  alumina,f  in  a  sandy  soil  chiefly  of  silica.  But  if,  as  chemical  in- 
quiry appears  to  indicate,  the  nature  of  the  ash  is  not  accidental,  but  e»- 
sentml,  and  in  some  def^ree  constant,  even  in  very  different  soils,  this 
latter  inference  is  inadmissible ;— and  in  reasoning  backwards  from  this 
fact,  we  find  ourselves  constrained  to  reject  the  opinion  that  substances 
are  capable  of  entering  into  the  roots  of  plants  in  a  solid  state — and  this 
without  reference  at  all  to  the  mechanical  question,  as  to  the  relative  sise 
of  the  pores  of  the  spongy  roots  or  of  the  particles  into  which  solid  mat- 
ter may  be  divided. 

*  Silica  is  Ote  name  given  by  ohemina  to  the  pare  nilt«r  of  ttot  or  of  cock  cnalsL  AmiA 
•Bd  wnditoo—  eooaial  aloMMt  eoUroly  qC  aIUcv 
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IV.  We  are  thus  brought  to  the  consideration  of  the  alleged  selecting 
power  of  the  roois,  which,  if  rightly  attributed  to  them,  must  be  con- 
sidered as  one  of  the  nrn)si  important  functions  of  which  ihey  are  pos- 
sessed. It  is  a  function,  however,  the  existence  of  which  is  disputed  by 
many  eminent  physiologists.  But  as  the  adoption  or  rejection  of  it  will 
materially  influence  our  reasonings,  as  well  as  our  ilieoretical  views,  in 
regard  to  some  of  the  most  vital  processes  of  vegetation, — ^ii  will  be  pro- 
per to  weigh  carefully  the  evidence  on  which  this  power  is  assigned  to 
the  roots  of  plants. 

1°.  The  leaves,  as  we  shall  hereafter  see,  possess  in  a  high  degree 
the  power  of  selecting  from  the  atmosphere  one  or  more  gaseous  sub- 
stances, leaving  the  nitrogen,  chiefly,  unchanged  in  bulk.  The  absorp- 
tion of  carbonic  acid  and  ilie  diminution  of  the  oxygen  in  the  experi- 
ments above  described,  appear  to  be  analogous  effects,  and  would  seem 
to  imply  in  the  roots  the  existence  of  a  similar  power. 

2°.  Dr.  Daubeny  found  that  pelargoniums,  \)eiT\ey  (hordeum  wdgare)^ 
and  the  winged  pea  (lotu4  tetragonolobus)^  though  tnade  to  grow  in  a 
soil  containing  much  strontia,*  appeared  to  absfirb  none  of  this  earth,  for 
none  was  found  in  the  ash  left  by  the  stem  and  roots  of  the  plant  when 
burne<l.  In  like  manner  De  Saussure  observetl  that  polygonum  persi- 
caria  refused  to  abwrb  acetate  of  lime  from  the  soil,  thoug'h  it  freely  look 
up  common  salt. — [Lindlcy's  Theory  of  Horticulture^  p.  19.] 

3°.  Plants  of  ditferent  species,  growing  in  the  same  soil,  leave,  when 
burned,  an  ash  which  in  every  case  contains  either  different  substances, 
or  the  same  substances  in  unlike  proportions.  Thus  if  a  bean  and  a 
grain  of  wheat  be  grown  side  by  side,  the  stem  of  the  plant  from  the  lat- 
ter seed  will  be  found  to  contain  silica,  from  the  former  notie.f 

4°.  But  the  same  plant  grown  in  soils  unlike  in  character  and  com- 
position, contains  always — if  they  are  present  in  the  soil  at  all— very 
nearly  the  same  kindt  of  earthy  matters  in  nearly  the  same  proportion. 
Thus  the  stalks  of  corn  plants,  of  the  grasses,  of  the  bambo(3,  and  of  many 
others,  always  contain  silica,  in  whatever  soil  they  grow,  or  at  least  are 
ca^mble  of  growing  with  any  degree  of  luxuriance. 

With  the  view  of  testing  this  point,  Lampadius  prepared  five  square 
patches  of  ground,  manured  them  with  equal  quantities  of  a  mixture  of 
oorse  and  cow  dung,  sowed  them  with  eciual  measures  of  the  same 
wheat,  and  on  four  of  these  patches  strewed  respectively  five  pounds  of 
finely  powdered  quartz  (siliceous  sand),  of  chalk,  of  alumina,  and  of 
carbonate  of  magnesia,  and  left  one  undressed.  The  produce  of  seed 
fron\  each,  in  the  above  order,  weighed  24i,  28f ,  26i,  21  i,  am\  20  ounces 
respectively.  The  grain,  chaff,  and  straw,  from  each  of  the  patches 
leA  nearly  the  same  quantity  of  ash— the  weights  varying  only  froTn  3*7 
to  4-08  per  cent.,  and  the  roots  and  chaff  being  richest  in  inorganic  mat- 
ter.   The  relative  proportions  of  silica^  alumina,  lime,  and  magnesia, 

•  Watered  wllh  a  aoluiion  of  nitrate  of  strontia.  tStrontIa  Is  an  aarltiy  substance  resent 
bliDg  lime,  whlcti  is  found  in  certain  rocks  and  mineral  veins,  bat  which  has  not  hilhorlo  been 
observed  ia  thea«hes  of  plants. 

t  It  is  n/>t  utrfctlv  correct  that  I  he  bran  will  absorb  tw  slllra,  but  the  quantity  ft  will  take  up 
will  be  only  one-tttirteonth  of  ihm  i»»ken  up  by  ihe  wlu'at  plani-Hhe  per  centage  of  silica  In 
the  itah  of  h^an  siraw  beinir,  according  to  6pr«»nKel,  only  0-22,  wliile  in  whpat  straw  it  ia  2'87 
per  cent    Pea  straw  contains  four  limes  as  mucli  as  thai  of  the  bean,  or  0  996  per  cent. 

t  Fur  more  precise  information  on  this  point,  see  llje  subsequent  lectures, "  OntUimr' 
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were  the  iome  in  alL — [Meyen  Jakreaherickt^  1839,  p.  1.]  Provided, 
therefore,  the  sobetancee  which  plants  prefer  be  present  in  the  soil,  the 
kind  of  inorganic  naaaer  they  take  up,  or  of  aah  they  leave,  is  not  maU' 
rially  aOected  by  the  presence  of  other  substances,  even  in  somewhat 
lari^er  quantity. 

These  facts  all  point  to  the  same  conclusion,  that  the  roots  have  the 
power  of  selecting  from  the  soil  in  which  they  grow,  those  substances 
which  are  best  fitted  to  promote  the  growth  or  to  maintain  the  healthy 
condition  of  the  plants  they  are  destined  to  feed. 

5°.  It  has  been  stated  above  that  the  roots  of  certain  plants  refuse  to 
absorb  nitrate  of  strontta  and  acetate  of  lime,  though  presented  to  them 
in  a  state  of  solution*— the  same  is  true  of  certain  coloured  solutions  which 
have  been  found  incapable  of  finding  their  way  into  the  circulation  of 
plants  whose  roots  have  been  immersed  in  them.  On  the  other  hand, 
tt  is  a  matter  of  frequent  observation  that  the  roots  absorb  solutions  con- 
taining substances  which  speedily  cause  the  death  of  the  pla  nt.  Arsenic, 
opium,  salts  of  iron,  of  lead,  and  of  copper,  and  many  other  substances, 
are  capable  of  being  absorbed  in  quantities  which  prove  injurious  to  the 
living  vegetable— and  on  this  ground  chiefly  many  physiologists  refuse  to 
acknowledge  that  the  roou  of  plants  are  by  nature  endowed  with  any 
definite  and  constant  power  of  selection  at  all.  But  this  argument  is  ot 
equal  force  against  the  possession  of  such  a  power  by  animals  or  even  by 
man  himself;  since,  with  our  more  perfect  discriminating  powers,  aided 
by  our  reason  too,  we  every  day  swallow  with  our  food  what  is  more  or 
less  injurious,  and  occasionally  even  fatal,  to  human  life.* 

On  the  whole,  therefore,  it  appears  most  reasonable  to  conclude  that 
the  roots  are  so  constituted  as  (1°)  to  be  able  generajly  to  select  from  the 
soil,  in  preference^  those  substances  which  are  most  suitable  to  the  nature 
of  the  plant--(2°)  where  these  are  not  to  be  met  with,  to  admit  certain 
others  in  their  steadf — -(3°)  to  refuse  admission  also  to  certain  substan- 
ces likely  to  injure  the  plant,  though  unable  to  discriminate  and  reject 
every  thing  hurtful  or  unbeneficial  which  may  be  presented  to  them  in 
a  state  of  solution. 

The  object  of  nature,  indeed,  seems  to  be  to  guard  the  plant  against 
the  more  common  and  usual  dangers  only— not  against  such  as  rarely 
present  themselves  in  the  situations  in  which  it  is  destined  to  grow,  or 
against  substances  which  are  unlikely  even  to  demand  admission  into  its 
roots.  How  useless  a  waste  of  skill,  if  I  may  so  speak,  would  it  have 
been  to  endow  the  roots  of  each  plant  with  the  power  of  distinguishing 
and  rejecting  opium  and  arsenic  and  the  thousand  other  poisonous  m\y- 
stances  which  the  physiologist  can  present  to  them,  but  which  in  a  state 
of  nature— on  its  natural  soil  and  in  its  natural  climate— the  living  vege- 
table is  never  destined  to  encounter ! 


*  I  may  here  remuli  UmI  it  ialnr  no  mesni  tn  eztraonllnury  power  which  thoM  clreiiB> 
Mueeo  seem  to  show  Um  roots  of  plants  to  possess.  In  the  presence  of  ox/e^n,  nitragw, 
and  cart>onlc  acid,  tn  equsl  quanUdes,  water  wtri  pn^fer  and  will  select  Uie  latter.  From  a 
miitare  of  lime  and  msfoeaia.  acetic  or  sulphuric  add  wiU  select  and  separate  the  formsr. 
Is  it  unreasonable  to  suppose  the  roo:s  of  plants— the  orfsns  ofailTinf  belnf^to  Im  andowod 
with  powers  of  discrimination  at  least  as  great  as  ihose  possessed  bj  dead  matter) 

t  This  eondoakNi  Is  not  strictly  contained  in  the  premises  above  slated,  but  the  CmIs  flrom 
which  it  is  diawn  will  be  fully  expUinetl  in  treating  of  the  Inorvanlc  eonstitnenis  of  plants. 
It  is  introduced  here  for  the  purpose  ofgiTiog  aoompleta  vl«wof  what  appaanlo  bstlie 
ferae  powtn  of  diserimhiation  possessed  by  the  root 
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V.  Another  function  of  the  roots  of  plants,  in  regard  to  which  physiol- 
ogists are  divided  in  opinion  at  the  present  day»  is  what  is  called  their 
excrelory  power, 

1°.  when  barley  or  other  grain  is  caused  to  germinate  in  pure  chalk, 
acerate  of  lime*  is  uniformly  found  to  be  mixed  wiih  it  after  the  gernii- 
naiion  is  somewhat  advanced  (Becquerel  and  Mateucci,  Ann,  deChem. 
etde  Pkys.n  I  v.,  p.  310.)  In  this  case  the  acetic  acid  must  have  been  given 
crff  (excreied)  by  the  young  roots  during  the  germination  of  the  seed. 

This  fact  may  be  considered  as  the  foundation  of  tlie  excretory  theory 
as  it  is  called.  This  theory,  supported  by  the  high  authority  of  Decan- 
dolle,  and  illustrated  by  the  apparently  convincing  experiments  of  Ma- 
caire,  {Ana,  dc  Chim,  d  de  Fhys.,  lii.,  p.  225,)  has  more  recently  been  met 
by  counter-experiments  of  Braconnol,  (Ixxii.  p.  27.)  and  is  now  in  a  great 
measure  rejected  by  many  emin^.m  vegetable  physiologists.  It  may  in- 
deed be  considered  as  quite  certain  that  the  application  of  this  theory  by 
Decandrille  and  others  to  the  explanation  of  the  benefits  arising  from  a 
rotation  of  cmps,  is  not  confirmed,  or  proved  to  be  correct,  by  any  exper- 
iments on  the  subject  tliai  have  hitherto  been  published. f 

According  to  Decandolle,  plants,  like  animals,  have  the  power  of  se- 
lecting from  their  fo(jd,  as  it  passes  through  their  vascular  system,  such 
portiuns  as  are  likely  to  nourish  them,  and  of  rejecting,  by  their  roots, 

*  Acetate  of  Uoie  it  a  combinaiion  ofaoetic  acid  or  Tioegar  with  lime  derived  from  the  chalk. 

t  The  diflConJaiil  rei»ulU  of  M^caire  an<l  Braconnnt  were  tta  follow  : 

\o   Macaire  observed  thAt  when  pUntii  of  ChundtiUa  MaraU»  were  rrown  In  rain  water 

fhey  imparted  to  ii  domethiiig  of  ihe  amull  and  uuie  of  opium.     Bfdcnnnoi  conUrmed  Uiia, 

but  alirtbuied  ii  lo  wMia<i»  Ui  Uie  root*  wkiich  ttllowod  the  proper  juice  of  the  planl  to  eicape. 

He  aoy a  it  \*  ^ilm<i<ft  impotMible  to  free  the  ymiru;  roois  from  Lhe  atul  in  which  they  have  grown, 

withom  iujiiniic  them  anti  caiMinif  Ihe  nap  to  exude. 
2°.  Ettp&arbta  Pepbi*  {Patty  Spufce)  im|»ar(o«l  to  the  water  in  whieh  ft  crew  a  gumml* 

rasioou«  Hubsuuce  of  a  very  acrid  tuate.    Li  (lif>  hajidii  of  Braconnui  it  yielded  to  Uie  water 

Kareety  any  ftrjianlc  matter,  and  that  only  tiliifhily  biti^rMh. 
3<^.  Jiracpiuiot  waahett  the  aoU  in  which  pidUfMof  Bugtkorhia  Brtorti  and  Atelepiat  Jnear- 

naia  were  i;rowini{  in  pot«,  and  obtained  a  iioluiiou  cotuainiaK  earihy  and  alkalioe  aalta  with 

only  a  trace  of  oniHoit*  matipr. 
He  aUw  wasihetl  the  aoil  in  which  the  P"ppy  (P*pater  Shmnt'ferum'^  had  been  gromi  ten 

yeara  mxcc*t»-*\yvW.    Tan  solu  b^n,  besides  ini>n{aiiic  enrtliy  ana  aUcHltne  saJrti,  gave  a  conaid' 

erable  qiunliiy  oracMic  acid  (in  ttie  form  uf  scoldle  of  hni'>)  tui>l  a  trace  of  brown  or2snio 

matter.    Ue  inf«>rii  thai  the^e  several  plants  do  not  excrete  any  ur^anic  matter  in  sufficteot 

qoMitity  lo  be  hijurloiia  to  litemtielvea. 
4^.  Marture  ubMrx'ed  that  when  separate  portions  ufthe  roots  of  the  same  plant  of  3fereM- 

ri^tB  Annua  were  immer«e<t  io  s»'p.-iraie  ve«icls,  the  one  coniainina  pure  water  and  the 

oilier  a  dilution  of  acetate  of  lead,— Uie  solution  of  lead  was  absitrb«*d  by  the  plant,— was  to 
be  trRce<l  in  evory  part  of  it,  ajiil  all  erwardd  wa«  partially  trAiismiitf*d  lo  tii«  |)iirn  w^ter.  Bra- 
conjioi  iit)sened  the  mme  re^idiA,  IhiI  lie  found  flie  entrance  of  the  lead  Into  the  second  vessel 
to  be  owing  lo  tlie  ascent  of  iJhe  fluid  up  the  outer  surface  ufthe  one  root  and  down  th*'  exterior 
of  the  other,  and  tluU,  by  preventing  Lhe  poaidblliiy  of  thus  riCLStfii^c,  no  lead  could  be  detected 
amonjc  the  wire  water. 

Tlie  conclusion^  of  Marnlre,  therefore,  in  favour  of  the  rotation  Uieory  of  Decandolla 
must  be  con«iil»*red  as  at  present  inAdniiA)>ihle,  and  we  shall  hertialWr  see  reason  to  coin- 
cide, at  least  ui  a  ceriHin  extent.  In  the  concUMinn  of  Bmronnot.  **that  If  these  excretions 
Cnf  ofiianic  natter)  really  lake  place  in  the  natural  state  of  the  pUnt,  they  are  as  yet  so  ob- 
score  snd  so  httJe  kniiwn  as  in  justify  Uie  pr*'«umptton  thai  some  other  explatMtlon  must 
be  itiven  of  lhe  ceueral  oystem  of  ru'titiou.*'  V.irioiH  iltoaUitUona  have  been  (iven  by  differ- 
ent obtpervers  of  Uiis  suppoied  «fx<*reiin^  power  of  the  Dots.  Amtrng  Uie  most  recent  are 
those  of  NietMer^  Who  ascribes  the  hixiuiant  rye  ernpii  obtained  without  manure  after  three 
vonrs  of  clover,  to  Ihe  excretions  of  ilii«  plimi  in  tlie  soil,  which,  lilce  Uiose  of  the  pea  and 
Dean  to  the  wheat,  he  supposes  *o  be  nourishing  Ibnd  'to  the  rye.  He  also  stales  that  the 
bertorthe  turnip  afker  lobarco  lias  an  onpleasani  taste,  anil  is  scarcely  eatable,  which  he 
lUtriljiitea  t  f  the  excretions  of  the  mbacco  plaitt.  Mtsye^  ascribes  ih*)  effect  of  the  clover  to 
Ihe  lerecii  ntannre  supplied  by  itsniota  and  stubble  and  Uiat  of  theroharco  lo  Ihe  undecom* 
pused  ftrsanlc  substances  contained  in  the  sip  and  substance  of  ihe  roots  and  stems  of  this 
plant,  of  which  m)  Urec  a  auantiry  is  left  behind  in  iJie  field— {Mey  en's  JoArstAerieW,  1839, 
p.  S-y-These  objections  or  Meyen  are  not  wiUiout  their  weight,  btu  we  shall  hereafter  so* 
ilMilMy  uabody  oiOy  hatf  th#tfiilli.  uguzeu  oy  ^^^^^^ 
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when  the  sap  descends,  such  as  are  an6t  to  contribute  to  their  support* 
or  would  be  hurtful  to  them  if  not  rejected  from  their  system.  He  further 
supposes  that,  after  a  time,  the  soil  in  which  a  certain  kind  of  plant 
grows  becomes  so  loaded  with  tliis  rejected  matter,  that  the  same  plant 
refuses  any  longer  to  flourish  in  it.  And,  thirdly,  that  though  injurious 
to  the  plant  from  which  it  has  been  derived,  this  rejected  matter  may  be 
wholesome  food  to  plants  of  a  diflerent  order,  and  hence  the  advantage  to 
be  derived  from  a  rotation  of  crops. 

There  seems  no  good  reason  to  doubt  that  the  roots  of  plants  do  at 
times--it  may  be  constantly— reject  or^nic  substances  from  their  roots. 
The  acetic  acid  given  off  during  germination,  and  the  same  acid  found 
by  Braconnot  in  remarkable  quantity  in  the  soil  in  which  the  poppy 
{papaoer  aoamifcnan)  has  grown — niay  be  regarded  as  sufficient  evi- 
dence of  the  (act — ^but  the  quantity  of  such  organic  matter  hitherto  de- 
tected among  what  may  be  safely  viewed  as  the  real  excretions  of  plants* 
seems  by  far  too  small  to  account  for  the  remarkable  natural  resulu  at- 
tendant upon  a  rotation  of  crops. 

The  consideration  of  these  results,  as  well  as  of  the  general  theory  of 
such  a  rotation,  will  form  a  distinct  topic  of  consideration  in  a  subsequent 
part  of  these  lectures.  I  shall«  therefore,  only  mention  one  or  two  facts 
which  seem  to  me  capable  of  explanation  only  on  the  supposition  that 
the  roots  of  plants  are  endowed  with  the  power  of  rejecting,  and  that 
they  do  constantly  reject,  when  the  sap  returns  from  the  leaf,  some  of 
the  substances  which  they  had  previously  taken  up  from  the  soil. 

1^.  De  Saussure  made  numerous  experiments  on  the  quantity  of  ash 
pe  cent,  left  by  the  same  plant  at  diflerent  periods  of  its  growth.  Among 
other  results  obtained  by  nim,  it  appeared— 

A.  That  the  quantity  of  incombustible  or  inorganic  matter  in  the  dif- 
ferent parts  of  the  plant  was  diflerent  at  diflerent  periods  of  the  year. 
Thus  the  dry  leaves  of  the  horse  chestnut,  gathered  in  May,  left  7*2  per 
cent.,  towards  the  end  of  July  8*4  per  cent.,  and  in  the  end  of  Septera« 
ber  6*6  per  cent,  of  ash;  the  dry  leaves  of  the  hazel  in  June  left  6*2, 
and  in  September  7  per  cent. ;  and  those  of  the  poplar  {populus  nigra) 
in  May  6-6,  and  in  September  9*3  per  cent,  of  ash.  These  results  are 
easily  explained  on  the  supposition  that  the  roots  continued  to  absorb 
and  send  up  to  the  leaves  during  the  whole  summer  the  saline  and 
earthy  substances  of  which  the  ash  consisted.     But — 

B.  He  observed  also  that  the  quantity  of  the  inorganic  substances  in 
—or  the  ash  left  by^-che  entire  plant,  diminished  as  it  approached  to 
maturity.  Thus  the  dry  plants  of  the  vetch,  of  the  golden  rod  (goUda- 
go  vulgaris),  of  the  turnsol  (kelianthtu  annuus),  and  of  wheat,  left  res- 
pectively of  ash,  at  three  diflerent  periods  of  their  growth,  [Davy'a 
AgricuUurdL  Chemistry,  Lecture  HI,]— 

B«lbreiowsrtiif. 
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Vetch 15                   12-2  6*6 

Golden  lod    ...      9*2                 5*7  5*0 

Turnsol    ....     14*7                13*7  9*3 

Wheat      ....      7*9                 5-4  3*3 

This  diminution  in  the  proportion  of  ash,  might  arise  either  from  uo 

increase  in  the  abaolata  quantity  of  vegetabU  matter  in  the  planls  ao- 
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companying  their  increase  in  size— or  from  a  portion  of  the  saline  and 
earthy  matters  they  contained  being  again  rejected  by  the  roots.  But 
if  the  former  be  the  true  explanation,  the  relative  proportions  of  the 
several  substances  of  which  the  ash  Itself  consisted,  in  the  several  cases, 
should  have  been  the  same  at  the  several  periods  when  the  experiments 
were  made.  But  thb  was  by  no  means  the  case.  Thus,  to  refer  only 
to  the  quantity  of  silica  contained  in  the  ash  lefl  by  each  of  the  above 
plants  at  the  several  stages  of  their  growth,  the  ashes  of  the 

Before  flowering.       In  flower.  Seeds  ripe. 

jttt  unit  pv  ctntm  pet  ctnt. 

Vetch  coBtataed   .    «    .      1-6  1-6  1*75 

Qoldeniod 1-6  1«6  3-5 

Tumsol 1-&  1-5  3-75 

Wheat 12*6  36*0  610 

If,  then,  the  proportion  of  silica  in  the  ash  increased  in  some  cases 
four-fold,  while  the  whole  quantity  of  ash  left  by  the  plant  decreased,  it 
appears  evident  that  some  pan  of  that  which  existed  in  the  plant  during 
the  earlier  periods  of  its  growth  must  have  been  excreted  or  rejected  by 
the  roots,  as  it  advanced  towards  maturity. 

3^.  This  conclusion  is  confirmed  and  carried  farther  by  another  con* 
eideration.  The  quantity  of  ash  left  by  the  ripe  wheat  plant,  in  the 
above  experiments  of  De  Saussure,  amounted  to  3*3  per  cent. ;— of 
which  ash,  51  per  cent.,  or  rather  more  than  one-half,  was  silica.  This 
silica,  it  is  believed,  could  only  have  entered  into  the  circulation  of  the 
plant  in  a  state  of  solution  in  water,  and  could  only  be  dissolved  by  the 
agency  of  potash  or  soda.  But,  according  to  SprengeU  the  potash,  soda, 
and  silica,  are  to  each  other  in  the  grain  and  straw  of  wheat,  iu  the  pro- 
portions of— 

PoCMh.  flocta.  BOIce. 

Grain    ....    0-225  0-24  0*4 

Straw    ....     020  0*29  2-87 

Or,  supposing  the  grain  to  equal  one-half  the  weight  of  the  straw— 
their  relative  proportions  in  the  whole  plant  will  be  nearly  as  21  potash, 
37  soda,  205  silica,  or  the  weight  of  the  silica  is  upwards  of  four  times 
the  waghts  of  the  potash  and  wda  taken  together. 

Now  silica  requires  nearly  half  its  weight  of  potash  to  render  it  solu- 
ble in  water,*  or  three-fifths  of  its  weight  of  a  mixture  of  nearly  equal 
parts  of  potash  and  soda.  The  quantity  of  these  alkaline  substances 
foioid  in  the  plant,  therefore,  is  by  no  means  sufRcient  to  have  dissolved 
and  brought  into  its  circulation  the  whole  of  the  silica  it  contains.  One 
of  two  things,  therefore,  must  have  uken  place.  Either  a  portion  of 
the  potash  and  soda  present  in  the  plant  in  the  earlier  stages  of  its 
growth  most  have  escaped  from  its  roots  at  a  later  stage,  f  leaving  the 
silica  behind  it— or  the  same  quantity  of  alkali  must  have  circulated 
through  the  plant  several  times— bringing  in  its  burden  of  silica,  deposit- 

*  A  aoloble  ^2an  may  be  made  bv  mettinf  together  in  a  eraeible  for  six  hoar»  10  parts  of 
eubooale  of  poCMh,  16  of  ■lllea,  and  1  of  charcoal  powder. 

t  De  aaoasure  doea  ootatate  the  tsact  relative  quanUdes  of  potaah  and  aoda  at  the  eeTeral 
perfoda  of  the  growth  of  wheat,  thoagh  they  appear  to  have  crateilly  dimiii  ahed.  It 
•eems,  Indeed,  to  be  tme  of  many  planta,  that  the  potaah  and  aoda  they  contain  dtminlshea 
in  qaanUty  Mthe}r  age  Increaaea.  Thua  the  weight  of  poiaah  In  the  juice  of  the  ripe  or 
■weet  grape,  ia  aald  to  be  lean  than  in  the  nnrlpe  or  aour  grape-and  the  leaves  of  toe  potato 
liBfv  bMO  (bond  men  rieh  in  potash  befbre  than  aOer  Uoasoming  (U«Mg>.  ^  l  ^ 
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in^  it  in  the  ▼•scalar  system  of  the  plaol«  and  again  lemrnioff  to  li^e 
soil  for  a  fresh  supply.  In  either  case  tlie  routs  must  have  allowed  it 
egress  as  well  as  ingress.  But  the  fact,  that  the  proj^ortion  of  silica  in 
the  plant  goes  on  increasing  as  it  continues  to  arow,  is  in  favour  of  the 
latter  view— and  renders  it  very  probable  that  the  same  quantity  of  al* 
kali  returns  again  and  again  into  the  circulation,  bringing  with  it  sop- 
plies  of  silica  and  probably  of  other  substances  which  the  plant  requires 
from  the  soil.  And  while  this  view  appears  to  be  the  more  probable,  it 
also  presents  an  interesting  illustration  of  what  may  probably  be  tho 
kind  of  function  discharged  by  the  potash  and  other  inorganic  substances 
found  In  (he  substance  of  plants— a  question  we  ahaU  beieaAer  have  oc- 
casion to  consider  at  some  length. 

The  above  coosideratioos,  therefore,  to  which  I  noigbt  add  others  of  a 
similar  kind,  satisfy  me  that  the  roots  of  plants  do  poaseu  the  power  of 
excreting  various  substances  which  are  held  in  solution  by  the  sap  on  its 
return  from  the  stem— *aQd  which  having  performed  tlieir  fuoctiooe  in 
the  interior  of  the  plant  are  no  looger  fiued,  io  their  existing  coodition* 
to  minister  to  its  sustenance  or  growth.  Nor  is  it  likely  that  this  excro* 
toiy  power  is  restricted  solely  to  the  eaussioa  of  inorganic  substancea. 
Other  soluble  matter*  of  organic  origin  are,  no  doubt,  permitted  to  es- 
cape into  the  soil— though  whether  of  such  a  kind  as  must  necessarily 
be  injurious  to  the  plant  from  which  they  have  been  extruded,  or  to  such 
a  degree  as  alone  to  render  a  rotation  of  ciops  necessary,  neitlier  reason- 
ing nor  experiment  has  hitherto  satisfactorily  sliown. 

V  I.  The  roou  have  the  power  of  absorbing,  and  in  some  measure  of 
selecting,  food  from  the  soil— <an  they  also  modify  or  alter  it  as  it  passes 
through  them?  A  colourless  sap  is  observed  to  ascend  through  the 
roots.  From  the  very  extremity  up  to  the  foot  of  the  stem  a  cross  sec- 
tion exhibits  little  trace  of  colouring  matter,  even  when  the  soil  contains 
animal  and  vegetable  substances  which  are  soluble,  and  which  give  dark 
coloured  solutions,  [such  as  the  liquid  manure  of  the  fi>ld-yard.]  Does 
such  matter  never  enter  the  root !  if  it  does,  it  must  be  speedily  changed 
or  transformed  into  new  compourHls. 

We  have  as  yet  too  few  experiments  upon  this  subject  to  enable  as  to 
decide  with  any  degree  of  cenainty  in  regard  to  this  function  of  the  root. 

It  is  |>rr>bable,  however,  that  as  the  sap  passes  through  the  plant,  it  is 
constantly,  though  gradually,  undergoing  a  series  of  changes,  from  the 
lime  when  it  first  enters  the  root  till  it  airain  reaches  it  on  its  return  from 
the  leaf. 

Can  we  conceive  the  existence  of  any  powers  in  the  irjot,  or  in  the 
whole  plant,  of  a  still  more  refined  kind?  The  germinating  seed  give* 
ofT  acetic  acid  into  the  soil,«-does  this  acetic  acid  dissr>lve  lime  from  the 
soil  and  return  with  it  again,  as  some  suppose  (Liebig).  into  the  circula- 
tion of  the  plant?*  Is  acetic  adfl  produced  and  excreted  by  the  seed 
for  this  very  refined  purpose?  We  have  concluded  that  in  the  wheat 
plant  the  potash  and  soda  probably  go  and  come  several  times  during  its 
growth,  and  the  ripening  of  its  seed.     Is  this  a  contrivance  of  nature  to 

*  Bneonoot  foanclacelate  of  Ume  hi  very  raoall  gaaotldM  to  b«  tiMiiImrlj  hurl  Ail  to  Tts*- 
iMlon,  UKl  aceuite  <#  nia«ne«iA  a  liule  Itma  ao.  H«  ooW  mentions,  howwrer,  aoma  eziMrt- 
menti  upon  nurvunaiu  annua,  [Attn,  de  OUm,  «t  tU  Ph^.  Ixxll.  p.  36J  and  as  SauMura 
£y.?l^r**Ji??|>£!yJ'  *^^^"y  '*^^'*^  to  t>ke  U  up  at  SU,  Ui€se  acsteiss  may  not  be  squaUy 
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make  up  for  the  scarcity  of  alkaline  snbstances  in  the  soil^-or  woald  the 
same  mode  of  operation  be  employed  if  potash  nnd  soda  were  present 
in  greater  abundance?  Or  where  the  alkalies  are  present  in  greater 
abundance,  might  not  more  work  be  done  by  them  in  the  same 
time,~>injght  not  the  plant  be  built  np  the  faster  and  the  larger,  when 
there  were  more  hands,  so  to  speak,  to  do  the  work  ?  Is  the  action  of 
inorganic  subsmnces  U{>on  vegetation  to  be  explained  by  the  existence 
of  a  power  resident  in  the  roots  or  other  parts  of  plants,  by  which  such 
operations  as  this  are  directed  or  superintended  ?  There  are  many 
mysteries  connected  with  the  nature  and  phenomena  of  vegetable  life, 
which  we  have  been  unable  as  yet  to  induce  nature  to  reveal  to  us.* 
But  the  morning  light  is  already  kindling  on  the  tops  of  the  mountains, 
and  we  may  bofiethat  the  deepest  vallies  will  not  forever  remain  obscure. 

§  3.  The  course  of  die  sap. 

If  the  trunk  of  a  tree  be  cut  off*  above  the  roots,  and  the  lower  extrem- 
ity be  immediately  plunged  into  a  solution  of  madder  or  other  colouring 
substances,  the  coloured  liquid  will  ascend  and  will  gradually  tinge  the 
wood.  This  ascent  will  continue  till  the  colour  can  also  be  observed 
in  the  nerves  of  the  leaf.  If  at  this  stage  in  the  experiment  the  trunk 
be  cut  across  at  various  heights,  the  wood  alone  will  appear  coloured, 
the  bark  remaining  entirely  untinged.  But  if  the  process  be  allowed 
still  to  continue  when  the  coloured  matter  has  reached  the  leaf,  and  after 
some  further  time  the  stem  be  cut  across,  the  bark  also  will  appear  dyed, 
and  the  tinge  will  be  perceptible  further  and  funher  fit)m  the  leaf  the 
lonc^er  the  experiment  is  carried  on,  till  at  length  both  bark  and  wood 
will  be  coloured  to  the  very  bottom  of  the  stetn. 

Or  if  the  root  of  a  living  plant,  as  in  the  experiment  of  Macaire  de- 
tailed in  a  preceding  note,  be  immersed  in  a  metallic  solution^-sucfa 
OS  a  solution  of  acetate  of  lead,— which  it  is  capable  of  absorbing  with-' 
out  immediate  injury,  and  diSerent  portions  of  the  plant  be  examined 
after  the  lapse  of  different  periods  of  time,»  first  the  stem,  afterwards 
the  leaves,  then  the  bark  of  the  upper  part  of  the  stem,  and  lastly  that 
of  the  lower  part  of  the  stem,  will  exhibit  traces  of  lead. 

These  experiments  show  that  the  sap  which  enters  by  the  roots  as- 
cends through  the  vessels  of  the  wood,  diffuses  itself  over  the  surface 
of  leaves,  and  then  descends  by  the  bark  to  the  extremities  of  the  root. 

But  what  becomes  of  the  sap  when  it  reaches  the  root?  Is  it  deliver- 
ed into  the  soil,  or  does  it  recommence  the  satne  course,  and  again,  re- 
peatedly perhaps,  circulate  through  the  stem,  leaves,  and  bark  ?  This 
question  has  been  partly  answer^  by  what  has  been  stated  in  the  pre- 
ceding section.  When  the  sap  reaches  the  extremity  of  the  root,  it  ap- 
pears to  give  oflfto  the  soil  both  solid  and  fluid  substances  of  a  kind  and 

*  The  roots  of  trees  wUl  travel  to  compentlTely  inreat  diataneee,  and  In  varioue  directloDS, 
la  aearcfi  of  water:  the  roots  of  saiofofn  (iSqwrmf/e)  wilt  penetrate  10  or  12  feet  through  th« 
calcareous  rabbly  subsoil,  or  down  the  lissares  of  llmescoae  racks  on  which  Iher  det^hl  to 
crow.  Is  this  the  result  of  aomt  pere^ivt  power  ia  the  pkot— or  is  it  mareljf  bjr  eccMfaul 
that  the  roots  display  these  tendencies  1 

Those  who  are  in  any  degree  arqoalnted  with  the  apecniatlons  of  the  German  physiolo- 
fists  of  the  greatest  oame^in  rennf  to  the  ssu/  and  even  the  immorimtUjf  of  plants— ^il  not 
aconse  me  of  goioa  very  tar  in  aliuding  lo  the  poasible  exiatence  of  some  such  pen^epttve 
power  In  plants,  von  Martins  ^ets  rid  of  objectors  by  speaiiinir  nf  them  as  **  •cientijle  nftn 
to  icAom  (Aspotser  ofannpnhending  the  tranieendentcU  ha»  been  imparted  in  a  lower  Uegres*" 
■eslfejeafl^MM^  ^ 
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to  an  amouot  which  probably  diSer  with  every  speoies  of  plant.  The 
remainder  of  the  sap  and  of  the  substances  it  holus  in  solution  must  be 
diffused  through  the  cellular  spongy  terminations  of  the  roots,  and,  with 
the  new  supply  of  liquid  imbibed  from  the  soil,  returned  again  to  the 
stem  with  the  ascending  current. 

But  what  causes  the  sap  tbus  to  ascend  and  descend  ?  By  what 
power  is  it  first  sucked  up  through  the  roots*  and  afterwards  forced  down 
again  from  the  leaves?  Sever^  answers  have  been  given  to  this  ques- 
tion. 

l^.  When  the  end  of  a  wide  tube,  either  of  metal  or  of  glass,  is 
plunged  into  water,  the  liquid  will  rise  within  the  tube  sensibly  to  the 
same  level  as  that  at  which  it  stands  in  the  vessel.  But  if  a  capillary* 
tube  be  employed  instead  of  one  with  a  wide  bore,  the  liquid  will  rise, 
aad  will  permanently  remain  at  a  considerably  higher  level  whhin  than 
without  tne  tube.  The  cause  of  this  rise  has  been  ascribed  to  an  attrac- 
tion which  the  sides  of  the  tube  have  for  the  liquid,  and  which  b  sulfi- 
ciently  strong  to  raise  it  and  to  keep  it  up  above  the  proper  level  of  the 
water.  The  force  itself  is  generally  distinguished  by  the  name  o[  capil- 
lary aUraclion* 

Now,  the  wood  of  a  tree,  as  we  have  seen,  is  composed  of  a  mass  of 
fine  tubes,  and  through  these  the  sap  has  been  said  to  rise  by  capiUary 
aUraction,  But  if  the  top  of  a  vine  be  cut  oflT  when  it  is  juicy  and  full 
of  sap,  the  liquid  will  exude  from  the  newly  formed  surface,  and  if  the 
air  be  excluded,  will  flow  for  a  length  of  time,  and  may  be  collected  in 
a  considerable  quantity  [Lindley^s  Theory  of  Horticulture^  p.  47,  note]. 
Such  a  flow  of  the  sap  is  not  to  be  accounted  Ibr  hy  mere  capillary  at- 
traction—-the  sides  of  tubes  cannot  draw  up  a  fluid  beyond  their  own 
extremities. 

2°.  To  supply  the  defect  of  this  hypothesis,  De  Saussure  supposed 
that  the  fluid  at  first  introduced  by  capillary  attraction  into  the  extremi- 
ties of  the  root,  was  afterwards  propelled  upwards  by  the  alternate  con- 
traction atid  expansion  of  the  tubes  of  which  the  wood  of  the  root  and 
stem  is  composed.  This  alternate  contraction  and  expansion  he  also 
supposed  10  be  caused  by  a  peculiar  irritating  property  of  the  sap  itself, 
which  caused  each  successive  {)art  of  the  tube  into  which  it  found  ad- 
mission to  contract  for  the  purpose  of  expelling  it.  Mr.  Knight  also  as- 
cribed the  ascent  of  the  sap  to  a  similar  contraction  of  certain  oOier  parts 
of  the  stem.  Being  once  raised,  he  supposed  it  to  return  again  or  de- 
scend by  its  own  weight— but  in  drooping  branches  it  is  obvious  that  the 
•ap  must  be  actually  driven  or  drawn  upwards  from  the  leaves  on  its  re- 
turn to  the  nxit.     These  explanations,  therefore,  are  still  unsatisfactoiy. 

3^.  If  one  end  of  an  open  |;lass  tube  be  covered  with  a  piece  of  mois- 
tened bladder  or  other  fine  animal  membrane,  tied  tightly  over  it,  and  a 
strong  solution  of  snear  in  water  be  then  poured  into  the  open  end  of  the 
tube,  so  as  to  cover  Uie  membrane  to  the  depth  of  several  inches,  and  if 
the  closed  end  be  then  introduced  to  the  depth  of  an  inch  below  tlie  sur- 
face of  a  vessel  of  pure  water,  the  water  will  after  a  short  time  pass 
through  the  bladder  inwards,  and  the  column  of  liquid  in  the  tube  will 
increase  in  height.    This  ascent  will  continue,  till  inftivourable  circum- 

*  GUuM  tubM  perfonOMl  by  a  Tery  fine  bore,  like  a  haoun  balc^  an  callsA  eqeOlary  tabssi 
fccli  anilioee  of  whleh  UtennomeieiB  are  uaaall/  made,     u  yi  izeu  uy  ^^^^^  l^ 
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Stances  the  fluid  will  reach  the  height  of  several  feet,  and  will  flow  out 
or  run  over  at  the  open  end  of  the  tube.  Al  the  saoie  diue  tbe  water  in 
the  vessel  will  becooie  sweet,  indicating  that  while  so  much  liquid  has 
passed  through  the  membrane  inwards,  a  quantity  has  also  passed  out- 
wards, carryina  sugar  along  with  it.*  To  these  opposite  eflecu  IhUro'- 
cheL,  who  first  drew  attention  to  the  fact,  gave  the  names  of  Endosmose, 
denotine  the  inwafd  progress,  and  Exosmote^  the  outward  progress  of  the 
fluid.  He  supposed  them  to  be  due  to  the  action  of  two  opposite  cur- 
rents of  electricity,  and  he  likens  the  phenomena  observed  during  the 
circulation  of  tbe  sap  in  plants,  to  the  appearances  presented  during  the 
above  experiment. 

Without  discussin^i  the  degree  of  probability  whkh  ezisu  at  to  the  in- 
fluence of  electricity  \n  producing  the  phenomena  of  endosmose  and  ez- 
osmoee,  it  must  be  admitted  that  the  appearances  themselves  bear  a 
strong  resemblance  to  those  presented  in  the  absorption  and  excretion  of 
fluids  by  the  roots  of  planta— and  point  very  distinctly  to  at  least  a 
kindred  cause. 

Thus,  if  the  spongy  termination  of  the  root  represent  the  thin  porous 
membrane  in  the  alwve  experiment— the  sap  with  which  the  tubes  of 
the  wood  are  filled,  the  artificial  solution  introdoced  into  the  experimen- 
tal tube— and  the  water  in  the  soil,  the  water  or  aqueous  solution  into 
which  the  closed  extremity  of  the  tabe  is  introdnced, — we  have  a  series 
of  conditions  precisely  similar  to  those  in  the  experiment.  Fluids  ought 
consequently  to  enter  from  the  soil  into  the  roots,  and  thence  to  ascend 
into  the  stem,  as  in  nature  they  appear  to  do. 

This  ascent,  we  have  said,  will  continue  till  the  fluid  in  tbe  tubes  of 
the  wood  (the  sap)  is  reduced  to  a  density  as  low  as  that  of  the  liquid 
entering  the  roots  from  the  soil.  But  in  a  growing  tree,  clothed  with 
foliage,  this  will  never  happen.  The  leaves  are  continually  exhaling 
aqueous  vapour,  as  one  of  their  constant  functions,  and  sometimes  in 
very  large  quantity.  The  sap,  therefore,  when  it  reaches  the  leaves,  is 
concentrated  or  thickened,  and  rendered  more  dense  by  the  separation 
of  the  water,  so  that  when  it  descends  to  the  root,  and  again  begins  its 
upward  course,  it  will  admit  of  large  dilution  before  its  density  can  be 
so  far  diminished  as  to  approach  that  of  the  comparatively  pure  water 
which  is  absorbed  from  the  soil.  And  this  illustration  of  the  ascent  of 
the  sap  appears  the  more  correct  from  the  obvious  purpose  it  points  oot 
— <in  addition  to  others  long  recognised)— as  served  by  the  evaporation 
which  b  constantly  taking  place  fiv>m  the  surface  of  the  leaf. 

Still  the  cause  of  the  ascent  of  the  sap  is  not  the  more  clear  that  we 
can  imitate  it  in  some  measure  by  an  artificial  experiment.  But  it  will 
he  conceded  by  the  strictest  reasoners  on  physical  phenomena,  that  to 
have  obtained  the  command,  or  even  a  partial  control,  over  a  natural 

*  Tpff^md  of  Mgw,  oommoii  nit,  gUB,  or  oCbor  lolablo  iiiHtmifW  any  bo  dlnolrod  Id 
Am  water  iDttodaoad  1  fint  lalo  Uie  tube,  tod  the  deneer  thti  eolation  tbe  laner  the  quaaUtf 
of  water  which  will  enter  by  the  membrane,  and  the  greater  the  height  to  which  the  colamn 
wlU  rise,  b  ceaaea  In  all  easea  to  riae  only  when  the  portlooa  of  liqald  within  and  wlOioQt 
thA  BMBbniw  aHaln  nearly  to  tbe  aame  denalty  (i  a.  contain  nearly  the  aame  weight  ofaolid 
Batter  In  eolation.]  loatead  of  pore  water  the  veaael  into  which  the  extremity  of  the  tube 
to  phHced  may  also  contain  a  weak  aolaHon  of  some  aolub)e  anbatance-^och  as  Ume  or  soda 
-4b  wbleb  case,  while  tbe  aimur.  orsah,  or  gum,  wlU  pass  mitwanla,  In  amaller  quanUty ,  the 
Ume  or  aodnwffl  pav  inwards,  doi«wttli  tEocwrentsof  wiMrhi  which  they  an  severally 
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power,  is  a  considerable  step  towards  a  clear  conception  of  the  nature  of 
that  power  itself.  If  the  phenomena  of  endosmoee  can  hereafter  be 
clearly  and  indubirably  traced  to  the  agency  of  electricity  we  shall  have 
advanced  still  another  step,  and  shall  be  enabled  to  devise  other  ineaos 
by  which  a  more  perfect  imitation  of  nature  may  be  effected,  or  a  more 
complete  control  asserted  over  the  phenomena  of  ve^table  circulation. 

§  4.  FunctioM  of  the  stem. 

The  functions  of  the  stem  are  probably  as  various  as  those  of  the 
root,  though  the  ciicaiiistances  under  which  they  are  performed  necea- 
•arily  involve  these  funciions  in  considerable  obscurity. 

The  pith  which  forms  the  central  part  of  tbe  stem  consists,  as  I  have 
already  slated,  of  tubes  disposed  horixontally.  When  a  coloured  fluid 
is  permitted  to  enter  the  lower  part  of  the  stem  in  the  experiments 
above  described,  the  pith  remains  unlinctured  in  the  centre  of  the  col- 
oured wood.  It  does  not,  therefore,  serve  lor  the  conveyance  of  the  sap. 
Nor  does  it  seem  to  be  vitally  necessary  to  the  health  and  growth  of  the 
plant,  since  Mr.  Knight  has  shown  that,  fnun  tbe  interior  of  many  trees. 
It  may  be  removed  without  apparent  injury,  and  in  nature,  as  trees  ad- 
vance in  age,  it  gradually  diminishes  in  bulk,  and  in  some  species  be- 
comes apparently  obliterated. 

The  vessels  of  the  wood,  which  surrounds  the  pith,  perform  proba- 
bly both  a  mechanical  and  a  chemical  function.  They  serve  lo  convey 
upwards  to  the  leaf  the  various  substances  which  enter  by  the  routs. 
This  is  their  mechanical  function.  But  during  its  progress  upwards, 
the  sap  appears  to  undergo  a  series  of  changes.  When  it  reaches  the 
leaves  it  is  no  lon^r  in  tbe  state  in  which  it  ascended  from  the  root  into 
the  stem.  The  difficuhy  of  extracting  the  sap  from  the  wood,  nt  dif- 
ferent heights,  has  prevented  very  rigorous  experiments  from  being 
made  on  its  nature  and  contents  at  the  several  stages  of  its  ascent. 
These  it  is  obvious  must  vary  with  the  species  and  age  of  the  plant,  and 
with  the  season  of  the  year  at  which  the  ex|>erijnent  is  made.  But  tbe 
general  result  to  be  drawn  from  such  observations  as  liave  hitherto  been 
made,  is,  that  those  substances  which  enter  directly  into  the  root,  when 
mingled  with  such  as  have  already  passed  through  the  circulation  of  tbe 
plant,  undergo,  during  their  ascent,  a  gradual  preparation  for  that  state 
in  which  they  become  (it  to  minister  to  the  growth  of  the  plant.  This 
preparation  is  completed  in  a  great  measure  in  the  leaf,  thoush  further 
changes  still  fpo  on  as  the  sap  descends  tJirough  the  bark.  This  deduc- 
tion is  strengthened  by  the  fact  that  gaseous  substances  of  various  kinds 
and  in  varying  quanuties  exist  in  the  interior  of  the  wood  of  the  grow- 
ing plant.  These  gaseous  subtaoces,  according  to  Boucherie,  are  in 
some  cases  equal  in  bulk  to  one-twentieth  part  of  the  entire  trunk  of  the 
tree  in  which  they  exist.  They  probably  move  upwards  along  with 
the  sap,  and  are  more  or  less  completely  discharged  into  the  atmusfihere 
throuffh  the  pores  of  the  leaves.  That  these  gaseous  substances  not 
only  difler  in  quantity,  but  in  kind  also,  with  the  age  and  species  of 
the  tree,  and  with  tbe  season  of  the  year,  may,  I  think,  be  considered 
as  alm(»8t  amounting  to  a  proof  that  they  have  not  been  inhaled  direct- 
ly by  the  loots,  but  are  the  result  of  chemical  decompositions  which 
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have  taken  place  on  the  stem  itself,  as  the  sap  moontcd  upwards  to- 
wards the  leaves. 

We  have  seen  that  the  roots  exercise  a  kind  of  discriminatiDg  power 
in  admitting  to  the  circulation  of  the  plant  the  various  substances  which 
are  present  in  the  soil.  The  vessels  of  the  stem  exhibit  an  analogous 
power  of  admitting  or  rejecting  the  solutions  of  difierent  substances  into 
which  they  may  be  immersed.  Thus  Boucherie  states  that,  when  the 
trunks  of  several  trees  of  the  same  species  are  cut  off  above  the  roots, 
aud  the  lower  extremities  immediately  plunged  into  solutions  of  differ- 
ent substances,  some  of  these  solutions  will  quickly  ascend  into  and  pen- 
etraie  the  entire  substance  of  the  tree  immersed  in  them,  while  others 
will  not  be  admitted  at  all,  or  with  extreme  slowness  only,  by  the  ves- 
sels of  the  stems  to  which  they  are  respectively  presented.  On  the 
other  band,  that  which  is  rejected  by  one  species  will  be  readily  admit- 
ted by  another.  Whether  this  partial  stoppage  of,  or  total  refusal  to  ad- 
mit, certain  substances,  be  a  mere  contractile  effort  on  the  part  of  the 
vessels,  or  be  the  result  of  a  chemical  change  by  which  their  exclusion 
is  effected  or  resisted,  does  not  as  yet  clearly  appear.  That  it  does  not 
depend  upon  the  lightness  and  porosity  of  the  wood,  as  might  be  sup* 
posed,  is  shown  by  the  observation  that  the  poplar  is  less  easily  pene- 
trated in  this  way  than  the  beech,  and  the  willow  than  the  pear  tree« 
the  maple,  or  the  plane. 

These  various  (unctions  of  the  woody  part  of  the  stem  are  performed 
chiefly  by  the  newer  wood  or  alburnum^  or,  as  it  is  oAen  called,  the  sap 
wood  of  the  tree.  As  the  heart  wood  bdl&omes  older,  the  tubes  of  which 
it  consists  are  either  gradually  stopped  up  by  the  deposition  of  solid 
substances  which  have  entered  by  the  roots,  or  by  the  formation  of 
chemical  compounds,  which,  like  concretions  in  the  bodies  of  animals, 
slowly  increase  in  size  till  the  vessels  become  entirely  closed— or  they 
are  by  degrees  compressed  laterally  by  the  growth  of  wood  around  them, 
so  as  to  become  incapable  of  transmitting  the  ascending  fluids.  Per- 
haps the  result  is  in  most  cases  due  in  part  to  both  these  causes.  This 
more  or  less  perfect  stoppage  of  the  oldest  vessels  is  one  reason  why  the 
course  of  the  sap  is  chiefly  directed  through  the  newer  tubes.* 

The  functions  of  the  bark,  which  forms  the  exterior  ponton  of  the 
stem,  will  be  more  ailvantageously  described,  after  we  snail  have  coo- 
•idered  the  purposes  served  by  the  leaves. 

§5.  Funciioiu  of  the  leaves. 

The  vessels  of  which  the  sap  wood  is  composed  extend  upwards  into 
the  fibres  of  the  leaf.  Throueh  these  vessels  the  sap  ascends,  and  from 
their  extremities  diffuses  itself  over  the  surface  of  the  leaf.  Here  it  un- 
dergoes important  chemical  changes,  the  extent,  if  not  the  exact  nature, 
of  which  will  appear  from  a  short  description  of  the  functions  which  the 
leaves  are  known  or  are  believed  to  discharge. 

1^.  When  the  roots  of  a  living  plant  are  immersed  in  water,  it  is  a 

*  AatlM  ii«wwt  nxiU  w  prolonfttloos  of  tbe  newoat  wood,  li  omt  be  wppoted  that  tho 
fiMSK  of  thcM  roois  boing  tbo  ehlof  ttbaorlMots  Anom  U»e  aoll,  ia  %  ■ufflolent  reMon  why  tiwt 
which  k  absorbed  by  tb€in  ahooM  abo  paaa  op  through  the  wood  wkh  which  they  are  moaC 
aloaely  cooneoted.  But  that  Ihe  porea  of  the  heart  wood  are  really  incapable  of  traDamlt* 
ling  flnida,  la  shown  by  plaofing  the  newly  eot  atem  of  a  tree  into  a  cokmred  aohition--4be 
newar  wood  wUl  be  dyed,  iroite  more  or  less  of  Uie  ceaini  poxtioa  will  remain  oaohanged. 
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matter  of  familiar  observotion  tliat  the  water  gradually  diminisbn  ia 
bulk,  and  will  at  length  entirely  disappear,  even  when  evapuration  into 
the  air  is  entirely  prevented,  ^hc  water  which  thus  disapiiears  is  takeu 
up  by  the  roots  of  the  plant,  is  carried  up  to  the  leaves,  is  there  spread 
out  over  a  large  surface  exposed  to  the  sun  and  to  the  air,  and  in  the 
form  of  vapour  escapes  in  considerable  proponion  through  the  pores  of 
the  leaves  and  dilTuses  itself  through  the  atmosphere. 

The  quantity  of  water  which  thus  escapes  froni  the  surface  of  the 
leaved  varies  with  the  moisture  of  the  soil,  with  the  species  of  plant, 
with  the  temperature  and  moisture  of  the  air,  and  with  the  season  of  the 
year.  According  to  the  experiments  of  Hale«»,  it  is  also  dependent  on 
the  presence  of  the  sun,  and  is  scarcely  perceptible  during  the  nighr. 
He  f()und  that  a  sun-fluwer,  3^  feet  high,  lost  from  its  leaves  during  12 
hours  of  one  day  30,  and  of  aiioilier  day  20  ounces  of  water,  while  during 
a  warm  night,  without  dew,  it  lost  only  three  ounces,  and  in  a  dewy 
night  underwent  no  diminution  in  weight.* 

This  loss  of  watery  va{X)ur  by  the  leaf  is  ascribed  to  two  different 
kindd  of  action.  First,  to  a  natural  perspiration  from  the  |)ores  of  the 
leaf,  similar  to  the  insensible  perspiration  which  i^  continually  proceetl- 
ing  from  the  skins  of  healthy  animals ;  and  second,  to  a  met-hanical 
evaporation  like  that  which  gradually  takes  plnce  from  the  surface  of 
moist  bodies  when  ex[)osed  to  hot  or  dry  air.  The  relative  amount  of 
loss  due  to  each  of  these  two  modes  of  action  respectively,  must  differ 
very  much  in  different  species  of  plants,  being  dependent  in  a  great 
measure  on  the  special  structure  of  the  leaf.  In  all  cases,  however,  the 
natural  perspiration  is  believed  very  greatly  to  exceed  the  mere  mechan- 
ical evaporation— though  the  results  of  Hales,  and  of  other  experimen- 
ters, show  that  both  processes  proceed  with  the  grenie^t  rapidity  utiderthe 
influence  of  a  warm  dry  atmosphere,  aided  by  the  direct  rays  of  the  sun. 

Among  the  several  purposes  served  by  this  escape  of  watery  vapour 
from  the  surface  of  the  leaf,  it  is  of  importance  for  us  to  notice  the  direct 

*  When  the  encape  of  vapour  from  the  leaves  is  more  rapid  than  the  tapply  of  wa(f»r  from 
the  roots,  the  leavea  droop,  dnr,  and  %vliher.  0ueh  la  aometlmea  the  case  with  |[rowlnc 
crops  in  very  hot  weather,  and  it  always  tiappens  when  a  twig  or  fl>iwer  !«  plucked  and  aep- 
anUed  from  the  stem  or  rooL  When  thus  Mpamled  the  leaves  Mill  i-ominue  to  give  (iff  wa- 
tery vapour  into  the  air,  and  consequently  the  sap  ascends  from  the  twig  or  st^lk  to  suiiply 
Ihe  place  of  the  water  thus  exhaled. 

But  as  the  sap  aacends  it  must  Wto  the  vessels  empty  of  fluid,  and  air  must  nisb  in  to 
flu  the  empty  apace.  This  will  continue  tilt  nearly  all  the  fluid  has  riiien  from  the  stem  Into 
the  leaf,  and  the  vessels  of  the  wood  are  full  of  air.  But  If  tlio  aiem  of  the  twiy  or  flower  be 
placed  in  water  this  liquid  wilt  rise  iuto  it,  air  will  be  excluded,  and  the  frevlmcM  and  blrH>m 
of  the  leaves  and  dowers  will  be  longer  preserved.  If  Uie  water  into  which  they  are  inim- 
dace<l  contain  any  sulMtances  in  solution,  iheae  will  rise  along  with  the  water,  and  will  crad. 
nalty  make  their  way  through  all  the  vessels  of  the  wood,  till  ihey  can  be  detecir<l  in  the 
l^^aves.  By  this  means  eveu  lafye  trees  may  in  a  short  time  be  aaiuraled  wiih  saline  solu- 
tions, capable  of  presefvin|r  them  from  decay.  It  ia  only  necessary  to  cut  down  or  few 
through  the  tree  and  Insert  its  tower  extremity  into  the  prefwred  aoluiioti,  wheu  the  arlk>n 
of  the  ran  and  air  upon  tho  Icavea  will  cause  it  spoiitanefmslv  to  aarend.  Thus  corromrs 
MMbUmate  (the  subject  of  Kyan's  Patent)  may  be  injected  with  ease,  or  pyrolignite  ofiron^ 
(iron  iliMiolved  in  wood  vtnei^r,)  which  B«>uolieric  recommends  as  equal Iv  efllchiit and 
much  more  economical,  {Aim.  de  CMm.  el  de  Phya.  Ixxiv.  p  113  ]  The  pn>cesi  t^  finiidied 
when  the  liquid  Is  Ibnnd  to  have  risen  to  the  leaf.  Coloured  soluiions  may  in  itte  mme  way 
he  injected  and  the  wood  tinice<i  to  any  required  sha<ie.  One  of  the  chief  benefits  aiiendant 
upon  the  cutting  of  wood  in  the  winter,  appears  to  be  that  the  abaence  of  leave*  prevents  the 
exiuiustloa  of  the  sap  and  Che  ascent  of  air  into  the  ve«iels  of  the  wood—the  oaygen  of  thia 
air  tending  to  induce  decay.  But  tha  sap  may  be  retained,  and  the  air  exclnded  almoai  as 
eff^ei«ialiy,  at  auv  other  aensoo  of  Uie  year,  by  auluplng  Uie  tree  of  its  leaves  and  branches  % 
few  days  before  it  to  cut  down. 
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chemical  influence  it  exercises  over  the  growth  ofthe  plant.  As  the  water 
disappears  from  the  leaf,  the  roots  must  absorb  from  the  soil  ar  least  an 
equal  supply.  This  water  brings  with  it  the  soluble  substances,  organ- 
ic and  inorganic,  which  the  soil  contains,  and  thus  in  proportion  to  the 
activity  with  which  the  leaves  lose  their  watery  vapour,  will  be  the 
quantity  of  those  substances  which  enter  from  the  soil  into  the  general 
circulation  ofthe  plant.  This  enables  us  to  understand  how  substances, 
very  sparingly  soluble  in  water,  should  yet  be  found  in  the  interior  of 
plants,  and  in  very  considerable  quantity,  at  almost  every  stage  of  their 
growth. 

2^.  Besides  watery  vapour,  however,  the  leaves  of  nearly  all  plants 
exhale  at  the  same  time  other  volatile  compounds  in  greater  or  less 
abundance.  In  the  petals  of  flowers,  we  are  familiar  with  such  exha- 
lations—K>flen  of  an  agreeable  and  odoriferous  character.  In  the  case  of 
plants  and  trees  also  which  emit  a  sensible  odour,  we  readily  recogniae 
the  fact  of  volatile  substances  being  civen  off  by  the  leaves.  But  even 
when  the  sense  of  smelt  gives  us  no  indication  of  their  emission  from  a 
single  leaf  or  a  single  plant,  the  introduction  of  a  number  of  such  in- 
odorous plants  into  the  confined  atmosphere  of  a  small  room  after  a  time 
satisfies  us  that  even  ihey  part  with  some  volatile  matter  from  their 
leaves,  which  makes  itselfperceptible  to  our  imperfect  organs  only  when 
in  a  concentrated  state.  The  probability  therefore  ia»  that  the  leaves  of 
all  plants  emit,  along  with  the  watery  vapour  which  they  evolve,  cer- 
tain other  volatile  substances  also,  though  oflen  in  quantities  so  minute 
as  to  escape  detection  by  our  unaided  senses.  By  the  emission  of  these 
snbstances  the  plant  probably  relieves  itself  of  what  would  prove  inju- 
rious if  retaineo,  though  ofthe  chemical  nature  and  composition  of  these 
exhalations  little  or  nothing  has  yet  been  ascertained. 

3®.  If  the  branch  of  a  living  plant  be  so  bent  that  some  of  its  leaves 
can  be  introduced  beneath  the  edge  of  an  inverted  tumbler  full  of  water, 
and  if  the  leaves  be  then  exposed  to  the  rays  of  tlie  sun,  bubbles  of  gas 
will  be  seen  to  if>rm  on  the  leaf,  and  gradually  to  rise  through  the  water 
and  collect  in  the  bottom  of  the  tumbler.  If  this  gas  be  examined  it 
will  be  found  to  be  pure  oxygen. 

If  the  water  contain  carbonic  acid  gas,  or  if  during  the  experiment  a 
little  carbonic  acid  be  introduced,  this  gas  will  be  found  gradually  to  dis- 
appear, while  the  oxygen  will  continue  to  accumulate. 

Or  if  the  experiment  be  made  by  introducing  a  living  plant  into  a  large 
bell-glass  ftill  of  common  atmospneric  air,  allowing  it  to  grow  there  for 
12  hours  in  the  sunshine,  and  then  examining  or  analysing  the  air  con- 
tained in  the  glass,  the  result  will  be  of  a  precisely  similar  kind.  The 
per  centage  of  oxygen  in  the  air  will  have  increased.*  And  if  the  ex- 
periment be  varied  by  the  introduction  of  a  small  quantity  of  carbonic 
acid  gas  into  the  jar,  this  gas  will  be  found  as  before  to  diminish  in  quan- 
tity, while  the  oxygen  increases.  The  conclusion  drawn  from  these 
experiments,  therefore,  is,  that  the  leaves  of  plants,  when  exposed  to  the 
rays  of  the  sun,  eAsorb  carbonic  aeidfrom  the  air  omd  give  off  pure  oxy- 
gen gas. 

It  has  been  already  stated  that  the  proportion  of  carbonic  acid  preaetil 

*  It  «m  be  nautnbttcd  ttwt  atmospheric  sir  oootAlns  about  21  por  cent  of  ozygen  gas. 
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in  the  aimo^pliere  is  exceedingly  small,  [about  l-2500ih  of  this  bulk«- 
see  Lecture  II.,  p.  30  ;1  but  if  fur  ihe  purpose  of  experiment  we  increase 
this  proportion  in  a  gallon  of  air  to  five  or  ten  per  cent.,  introduce  a  liv- 
ing plant  into  it,  and  expose  it  to  the  sunshine,  the  carbonic  acid  will 
gradually  disappear  as  before,  while  the  oxygen  will  increase.  And  if 
we  analyse  the  air  and  estimate  the  exact  bulk  of  each  of  these  gases 

{)resent  in  it  at  the  close  of  our  experiment,  we  shall  find  that  the  oxygen 
las  increased  generally  by  as  much  as  the  carbonic  acid  has  diminished. 
That  is  10  sny,  if  five  cubic  inches  of  the  latter  have  disappeared,  dve 
cubic  inches  will  have  been  added  to  the  bulk  of  the  oxyeen.  The 
above  general  conclusion,  therefore,  is  rendered  more  precise  by  this  ex- 
periment, which  appears  to  show  that  under  tfie  injluence  of  the  sun^s 
rays  the  leaves  of  plants  absorb  carbonic  acid  from  the  air,  and  at  the  same 
Ume  give  off  Atf^fiv al  bulk  of  oxygen  gas. 

And  as  carbonic  acid  (CO,)  contains  its  own  bulk  of  oxygen  gas* 
combined  with  a  certain  known  weight  of  carbon,  it  is  further  inferred 
that  the  oxygen  given  off  by  the  leaves  is  the  same  which  has  been  pre- 
viously absorbed  in  the  form  of  carbonic  acid,  and  therefore  it  is  usually 
stated  as  a  function  of  the  leaves — tliat  in  the  sunshine  they  absorb  car- 
bonic acid  from  the  air,  dkcomfose  it  in  the  interior  of  the  leaf  retainUs 
carbon^  and  again  reject  or  emit  the  oxygen  it  contained. 

This  conclusion  presents  a  very  simple  view  of  the  relations  of  oxygen 
and  carbonic  acid  respectively  to  the  living  leaf  in  the  presence  of  the 
suo,  and  it  appears  to  be  fairly  deduced  from  the  facts  above  stated. 
It  has  occasionally  been  observed,  however,  that  the  bulk  of  oxygen 
given  ofTby  the  leaf  has  not  been  precisely  equal  tu  that  of  the  carbmiic 
acid  absorbed,  [see  Persoz,  Chimte  Moleeuiaire,  p.  54,]  and  hence  it  is 
also  fairly  concluded  that  a  portion  of  the  oxygen  of  the  carbonic  acid 
which  enters  the  leaf  is  retained,  and  made  available  in  the  production 
of  the  various  substances  which  are  formed  in  the  vascular  system  of 
different  plants.  On  the  other  hand  it  is  stated  by  Sprengel,  tliat  if  com- 
pounds containing  much  oxygen  be  presented  to  the  roou  of  plants,  and 
thus  introduced  into  the  circulation,  they  are  also  decomposed,  and  the 
oxygen  they  contain  in  part  or  in  whole'eiven  oS*  by  the  leavest  so  that, 
under  certain  circumstances,  the  bulk  of  the  oxygen  which  escapes  is 
actually  greater  than  that  of  the  carbonic  acid  which  is  absorbed  by  the 
leaves.  Such  is  the  case,  for  example,  when  the  roots  are  moistened 
witii  water  containing  carbonic,  sulphuric,  or  nitric  acids.— [Sprengel 
Chemie,  II.,  p.  344.] 

It  is  of  importance  to  note  these  deviations  from  apparent  simplicity 
in  the  relative  bulks  of  the  two  gases  which  are  respectively  given  oa 
and  absorbed  by  all  living  vegetables.  There  are  numerous  cases  of  the 
formation  of  substances  in  the  interior  of  plants  which  theory  would  fail 
to  account  for  with  any  degree  of  ease,  were  these  apparent  anomaliea 
to  be  neglected.  This  will  more  distinctly  appear  when  in  a  subsequent 
lecture  we  shall  inquire  how  or  by  what  chemical  changes  the  substan- 
ces which  plants  contain,  or  of  which  they  consist,  are  produced  from 
the  food  which  they  draw  from  the  air  and  from  the  soil. 

*  ThitOie  rmder  will  neoUect  It  proved  by  bomiof  chareosl  in  a  bottle  of  oxygan  outiU 
eombiMtiOQ  eeaaet,  wtian  neariy  the  whole  of  the  ozTf  en  is  converted  Into  caibonle  scSdrbat 
without  cbanse  of  biilk.-Bee  Lecture  IIL,  p.  46. 
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The  moet  general  and  probable  expreseioo,  therefore,  for  the  function 
of  the  leaf,  now  under  consideration,  appears  to  be  that  in  the  sunshine 
the  leaves  absorb  from  the  air  carbonic  acid,  and  at  the  same  time 
evolve  oxygen  gas,  the  bulk  of  the  latter  gas  given  off  being  nearly 
equal  to  that  of  the  former  which  is  taken  in-^ihe  relative  bulks  «f  the 
two  gases  varying  more  or  less  with  the  species  of  plant,  as  will  as 
with  the  circumstances  under  which  it  is  caused  or  is  ntfed  to  grow.* 

4°.  Such  is  the  relation  of  the  leaf  to  the  oxygen  and  carbonic  acid 
of  the  atmosphere  in  the  presence  of  the  sun.  During  the  night  their 
action  is  reversed,  they  emit  carbonic  acid  and  absorb  oxygen.  This  is 
proved  by  experiments  similar  to  those  above  described.  For  if  the 
plant  which  has  remained  under  the  bell-glass  for  12  hours  in  the  sun- 
shine—KJuring  which  time  the  oxygen  has  sensibly  increased,  and  the 
carbonic  acid  diminished  in  bulk — 1^  allowed  to  remain  io  the  same  air 
through  the  following  nighi,  the  oxygen  will  be  found  to  have  decreased, 
while  the  carbonic  acid  will  be  present  in  larger  quantity  than  in  the 
evening  of  the  previous  day. 

The  carbonic  acid  thus  given  oflf  during  the  night  is  supposed  to  be 
partly  derived  from  the  soil  through  the  roots,  and  partly  from  the  sub- 
stance of  the  plant  itself.  The  oxygen  absorbed  eiiher  combines  with 
the  carbon  of  the  plant  to  form  a  portion  of  the  carbonic  acid  which  is 
at  the  same  time  given  oflf  or  is  employed  in  producing  some  of  the 
other  oxidized  [containing  oxygen  in  considerable  quantity]  compounds 
that  exist  in  the  sap. 

As  a  general  rule,  the  quantity  of  carbonic  acid  given  off  during  the 
ni|B;ht  is  far  from  being  equal  to  that  which  is  absorbed  during  the  day. 
Still  it  Is  obvious  that  a  plant  loses  carbon  precisely  in  proportion  to  the 
amount  of  this  gas  given  off.  Hence,  when  the  days  are  longest,  the 
plant  will  lose  the  least,  and  where  the  sun  is  brightest  it  will  gain  the 
fastest;  since  other  things  being  equal,  the  decomposition  of  carbonic 
acid  proceeds  most  rapidly  where  the  sky  is  the  clearest,  and  the  rays 
of  the  sun  most  powerful.  Hence  we  see  why  in  Northern  regions, 
where  spring,  summer,  and  autumn  are  all  comprised  in  one  long  day 
-—vegetation  should  proceed  with  such  rapidity.  The  decomposition  of 
the  carbonic  acid  goes  on  without  intermission,  the  leaves  have  no  night 
of  rest,  but  nature  has  kindly  provided  that,  where  the  season  of 
warmth  is  so  fleeting,  there  should  be  no  cessation  to  the  necessary 
growth  of  food  for  man  and  beast. 

This  comparison  of  the  functions  performed  by  the  leaf,  during  the 
day  and  night  respectively,  explains  the  chemical  nature  of  the  blanaiing 
of  vegetables  practised  by  the  gardener,  as  well  as  the  cause  of  the  pale 
colour  of  plants  that  grow  naturally  in  the  absence  of  light. 

When  ex|X)6ed  to  3ie  sun,  the  leaves  of  these  sickly  vegetables  evolve 
oxygen,  and  gradually  become  green  and  healthy.  Woody  matter  is 
formed,  and  the  stems  become  strong  and  fibrous. 

The  light  of  the  sun,  in  the  existing  economy  of  nature,  is  indeed 
equally  necessary  to  the  health  of  plants  and  of  animals.    The  former 

*  A«  ebe  oxjgen  given 
by  which  the  earhonie 


III  off  bj  the  leavea  to  alwayt  the  reeolt  of  a  chemical  decoinpOailioD, 
acid  or  other  compound  la  depriTed  of  a  noition,  at  least,  or  its  oxy- 
I  fancttoa  of  tha  leaves  tn  tha  pceaenM  oi  the  sub  is  «Aaii  ipokeo  of 
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become  pale  and  sickly,  and  refaee  to  perform  their  most  important 
chemical  funciioDt  when  excluded  from  the  light.  The  bloom  disap- 
pears from  the  liuroan  cheek,  the  body  wastes  awoy,  and  the  spirit 
sinks,  when  the  unhappy  prisoner  is  debarred  from  the  sight  of  the  blessed 
sun.  Ill  his  system,  loo,  the  presence  of  liglu  is  necessary  to  the  perfor- 
mance of  those  diemical  functions  on  which  the  healthy  condition  of  the 
%'ital  fluids  depends. 

The  processes  by  which  oxygen  and  carbonic  acid  are  respectively 
evolved  in  plants  have  been  likened  by  phy {biologists  to  the  resinratioa 
and  digestion  of  animals.  It  is  supposed  that  when  plants  respire  they 
give  off*  carbonic  acid  as  animals  do,  and  that  when  thev  digest  they 
evolve  oxygen.  Respiration  also,  it  is  said»  proceeds  at  all  times,  diges- 
tion only  in  the  liglu  of  the  sun.  Though  these  views  are  confessedly 
conjectural,  thev  are  ftiunded  upon  striking  analogies,  and  may  reason- 
ably be  entertained  as  matters  of  opinion. 

6°.  Other  s|>ecies  of  decomposition  also,  besides  that  of  {/e-ozuftza^ton, 
CO  on  in  the  leaf,  or  are  there  made  manifest.  -  Thus  when  plants  grow 
m  a  soil  containing  much  common  salt  (chloride  of  sodium)  or  other 
chlorides,  they  have  been  observed  by  Sprengel  and  Meyen  to  evolve 
chloride*  gas  from  their  leaves.  This  takes  place,  however,  more  dur- 
ing the  night  than  during  tlie  day.  Some  plants  also  give  off  ammonia, 
(Lecture  IV.,  p.  7U,)  while  others  (cruciferse),  acconlinfi  to  Dr.  Daube- 
ny,  [in  his  Three  Lectures  an  Agriculture^  p.  59,]  emit  from  tlieir  leaves 
pure  nitrogen  gas. 

The  evolution  of  chlorine  implies  the  previous  decomix)sition  of  the 
chloride:^,  which  have  been  absorbed  from  the  soil;  while  that  of  nitro- 
gen niay  be  due  to  the  deconi|X)sition  of  ammonia,  of  nitric  acid,  or 
of  some  other  com))ound  containing  nitrogen,  which  has  entered  into  the 
circulation  by  the  nwis.  The  exact  mode  and  nature  of  the  decompo- 
sition of  these  substances,  and  the  purjioses  served  by  them  in  the  vegeta- 
ble economy,  will  come  under  our  consideration  in  a  sub9e(|uent  lecture. 

The  leaf  has  been  described  (p.  76)  as  an  expansion  of  the  bark. 
It  consists  internally  of  two  layers  of  veins  or  vascular  fibres  laid  one 
over  the  other,  the  up|»er  connected  with  the  woo<l— the  lower  with  the 
inner  barki  It  is  covered  on  both  sides  by  a  thin  membrane  (epidor- 
mis),  the  expansion  of  the  outer  bark.  This  thin  inenibane  is  studded 
with  numerous  small  pores  or  mouths  (stomata),  which  vary  in  size  and 
in  number  with  the  nature  of  the  plant,  and  with  the  circumstances  in 
which  it  is  intended  to  grow.  It  is  from  the  pc»res  in  the  upper  part  of 
the  leaf  that  substances  are  supposed  to  be  exhaled,  while  every  thing 
that  is  inhaled  enter8  by  those  which  are  observed  in  the  under  side  of 
the  leaf.f  This  of)ini<»n,  however,  is  not  universally  recfived,  it  being 
admitted  by  some  that  the  power  both  of  absorbing  and  of  emitting 
may  be  possessed  by  the  under  surface  of  the  leaf. 

7°.  We  have  seen  that  the  chief  sujtply  of  the  fluids  which  constitute 

*  ChloHne  to  a  sm  of  a  greenlah  relU  m  eokrar,  hatrlnf  an  onplcsMot  laate  and  a  auabeat!f« 
odour.  When  li  cuinbini»a  with  other  aubaiaoces  it  forma  ekUiridet.  Ii  exlaia  in,  and  im- 
inria  ila  amftl  to,  ekioride  qf  Ume^  wtticti  ia  emfiloyed  fur  diaiofecUiig  parpoaeo,  and  tt 
lorms  iipwArda  of  baU  itie  wvi^ hi  uf  comnon  aak. 

t  Thto  to  Utoatcmiad  by  the  aetioa  of  a  eabbofe  li>af  on  a  wound.  If  iho  upper  aide  b4»  ap> 
pU«d.  ilie  aore  U  praCMMd  and  quiflUj  tMda,  whlto  tte  uDdtr  sMs  4Ni^ 
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the  sap  of  plaotSt  is  derived  from  the  soil.  The  under  nde  of  the 
leaves  of  plants  U  also  6up[ioaed  by  some  to  be  capable  of  absorbing 
moisture  from  the  air,  either  io  the  torm  of  watery  vapour,  or  when  it 
falls  upon  the  leaves  in  the  state  of  dew.  Like  the  roots  also  they  may 
absorb  with  the  dew  any  substances  the  latter  happens  to  hold  in  solu' 
tion.  And  thus  plants  may,  in  some  degree,  be  nourished  by  the  vola- 
tile organic  substances  which  ascend  from  the  earth  during  the  heat  of 
tbe  day,  and  which  are  again  In  a  great  measure  precipitated  with  the 
evening  dew. 

Whether  the  leaves  ever  absorb  nitrogen  gas  from  the  air  has  not  as 
yet  been  determined  with  sufficient  accuracy.  If  they  do,  it  must  in  gene- 
ral be  in  very  small  quaniity  only,  since  it  has  hitherto  escaped  detec- 
tion. In  like  manner  it  is  doubtful  how  far  they  regularly  absorb  any 
other  substances  which  the  air  is  sup|X)sed  to  contain.  Thus  it  is  known 
that  nitric  acid  exists  in  the  air  in  very  minute  quantity.  Some  chem- 
ists also  believe  that  ammonia  is  extensively  difTused  through  the  atmos- 
phere in  an  exceedingly  diluted  state.  Do  the  leaves  of  plants  absorb 
these  substances?  Is  the  absorption  of  them  one  of  the  constant  and  ne- 
cessary functions  of  the  leaves  ?  The  reply  to  these  questions  must  be 
very  uncertain,  and  any  principle  which  professes  to  be  based  U()on  such 
a  reply  must  be  regarded  only  as  a  matter  of  opinion. 

8°.  The  petals  of  flower-leaves  i>erform  a  somewhat  different  function 
from  those  of  the  ordinary  leaves  of  a  plant.  They  absorb  oxygen  at 
all  times— though  more  by  day  than  by  night— and  they  constantly  emit 
carbonic  acid.  The  bulk  of  the  latter  gas  evolved,  however,  is  less  than 
that  of  the  oxygen  taken  in.  The  absorption  of  oxygen  gas,  and  the 
constant  production  of  carbonic  acid,  is,  in  some  flowers,  so  great  as  to 
cause  a  perceptible  increase  of  temperature — and  to  this  slow  combus- 
tion, so  to  speak,  the  proper  heat  observed  in  the  flowers  of  many  plants 
has  been  attributed. 

According  to  some  authors,  the  flower-leaves  also  emit  pure  nitrogen 
gas. — [Sprengel,  Chemie^  II.,  p.  347.]  This  fact  has  not  yet  been  deter- 
mined by  a  sufficient  number  of  accurate  ex|)eriments;  it  is  in  accord- 
ance, however,  with  the  results  of  Boussingault,  that,  when  a  plant 
flowers  and  approaches  to  maturity,  the  nitrt)gen  it  contains  becomes 
less.  If  conflrmed,  this  evolution  of  nitrogen  would  throw  an  interest- 
ing light  on  the  most  advantageous  employment  of  green  crops,  both  for 
tbe  purposes  of  manure  and  for  the  feeding  of  cattle. 

9°.  When  the  leaves  of  a  plant  begin  to  decay,  either  naturally  as  in 
autumn,  or  from  artificial  or  accidental  causes,  they  no  longer  absorb 
and  decompose  carbonic  acid,  even  under  the  influence  of  the  sun^srays. , 
On  the  contrary,  they  absorb  oxygen,  like  the  petals  of  the  flower,  new 
compounds  are  form^  within  their  substance— their  green  colour  disap- 
pears—they become  yellow — ^ihey  wither,  die,  and  drop  from  the  tree— 
their  final  function,  as  the  organs  of  a  living  being,  is  discharged.  They 
then  undergo  new  changes,  are  subjected  to  a  new  series  of  influences, 
and  are  made  to  serve  new  purposes  In  the  economy  of  nature.  These 
we  shall  hereafter  find  to  be  no  less  interesting  and  imjiortant  in  refer- 
ence tn  a  further  end,  than  are  the  functions  of  the  living  leaf  to  the 
ffrowih  and  nourishment  of  the  plant.— [See  subsequent  lecture, ''  Onihe 
law  of  the  dteay  ofarganie  tubsUmeesJ^}  ug,  ,zeu  oy  ^^^.^i^ 
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§  6.  Funetwns  of  the  hark. 

The  inner  bark  being  connected  with  the  under  layer  of  ▼easels  io  the 
leaf,  receives  from  them  the  sap  after  it  has  been  changed  by  the  action 
of  the  air  and  light,  and  transmits  it  downwards  to  the  root. 

The  outer  bark,  especially  in  young  twi^  and  in  the  stalks  of  the 
grasses,  so  closely  resembles  the  leaves  in  its  appearance,  that  we  can 
have  no  difficulty  in  admitting  that  it  must,  not  onfrequently,  perform 
similar  functions.  In  the  Cactus,  the  Stapelia,  and  otiier  plants  which 
produce  no  true  leaves,  this  outer  bark  seems  to  perform  all  the  functions 
which  in  other  vegetable  tribes  are  specially  assigned  to  the  abundant 
fbiiage.  During  its  descent  through  the  inner  bark,  therefore,  the  sap 
must  in  very  many  cases  undergo  chemical  changes,  more  or  less  analo- 
gous to  those  which  usually  take  place  in  the  leat. 

It  is  by  means  of  the  inner  bark  that  the  stems  of  trees,  such  as 
our  forest  and  fruit  trees,  are  enlarged  by  the  deposition  of  annual 
layers  of  new  wood.  The  woody  fibre  is  formed  or  prepared  in 
the  leaf,  and  as  the  sap  descends  it  is  deposited  beneath  ttie  inner  sur- 
face of  the  inner  bark.  It  thus  hapi^ens  that,  as  the  sap  descends,  it  is 
gradually  deprived  of  the  substances  it  held  in  solution  when  it  left  the 
leaf,  and  in  consequence  it  becomes  difficult  to  say  how  much  of  tlys 
chanee,  which  the  sap  is  found  to  have  undergone  when  it  reaches  the 
root,  IS  due  to  chemical  transformations  produced  during  its  descent,  and 
how  much  to  the  de|)09ition  of  the  woody  fibre  and  other  matters  it  has 
parted  with  by  the  way. 

Among  other  evidences  of  such  changes  really  taking  place  during 
the  descent  of  the  sap,  I  may  mention  an  observation  of  Meyen  [Jakres- 
hericht^  1839,  p.  27],  made  m  the  course  of  his  experiments  on  the  re- 
production of  the  bark  of  trees.  In  these  experiments  he  enclosed  the 
naked  wood  in  strong  glass  tubes,  and  in  three  cases  out  of  eight  the 
tubes  were  burst  and  shattered  in  pieces.  This  could  only  have  arisen 
from  the  disengagement  of  gaseous  substances,  the  result  of  decomposi- 
tion. While,  therefore,  such  gases  as  enter  by  the  roots  or  are  evolved 
in  the  vessels  of  the  wood  durins  the  ascent  of  the  sap,  escape  by  the 
leaf  alons  with  those  which  are  dtsengnged  in  the  leaf  itself,  it  is  proba- 
ble that  those  which  are  produced  as  the  result  of  changes  in  the  bark, 
descend  with  the  downward  sap,  and  are  discharged  by  the  nxji.* 

In  the  bark  of  the  root  it  is  probable  that  still  further  changes  tako 

1>lace— and  of  a  kind  which  can  only  be  effected  during  the  absence  of 
ight'.  This  is  rendered  probable  by  the  fact  that  the  bark  of  the  root 
frequently  contains  substances  which  arc  not  to  be  met  with  in  any 
other  part  of  the  plant.  Thus  from  the  bark  of  the  fresh  root  of  the  ap- 
ple tree  a  substance  named  pkloridzine^  possessed  of  considerable  medi- 
cal virtues,  may  be  readily  extracted,  tnough  it  does  not  exist  in  the 
bark  either  of  the  stem  or  of  the  branches. 

In  fine,  as  the  food  which  is  introduced  into  the  stomachs  of  animals, 
undergoes  continual  and  successive  chemical  changes  during  its  pro- 
gress through  the  entire  alimentary  canal^so,  numerous  phenomena 
indicate  that  the  sap  of  plants  is  also  subjected  to  unceasing  transforma- 

»  flpwagftliCTB  that  thsittws  and  twip.  Mid  tbsitolks  of  (he  !!■■■■,  sUahso^ 

uigmzeuoyCjOOgle 
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tiooSf— in  the  root  and  in  ihe  stem  as  well  as  in  the  Ieaves,^*at  one  time 
in  the  dark,  at  another  under  the  influence  of  the  sun's  rays, — exposed 
when  in  the  leaf  to  the  full  actipn  of  the  air, — and  when  in  the  root  al- 
most wholly  secluded  from  its  presence; — the  new  compounds  pro- 
duced in  every  instance  being  suited  either  to  the  nature  of  the  plant  or 
the  wants  and  functions  of  that  part  of  it  in  which  each  transformation 
takes  place. 

To  some  of  t})ese  transformations  it  will  be  necessary  to  advert  more 
paniculariy,  when  we  come  to  consider  the  special  changes  by  which 
those  substances  of  which  plants  chiefly  consist,  are  formed  out  of  these 
compounds  on  which  they  cliiefly  live. 

§  7.  CHrcumsiances  by  vMch  (ke  functions  of  the  various  parts  of  plants 
are  modified. 

Plants  grow  more  or  less  luxuriantly,  and  their  several  parts  are 
more  or  less  largely  developed,  in  obedience  to  numerous  and  varied 
circumstances. 

I.  In  regard  to  the  special  functions  of  the  root,  we  have  already  seen 
that  the  access  of  atmospheric  air  is  in  some  cases  indispensable,  while 
in  others,  by  shooting  vertically  downwards,  the  roots  appear  to  shun 
the  approach  of  either  air  or  light.  It  is  obvious  also  that  a  certain  de- 
gree of  moisture  in  the  soil,  and  a  certain  temperature,  are  necessary 
to  the  most  healthy  discharge  of  the  functions  of  the  root.  In  hot  wea- 
ther the  plant  droops,  because  the  roots  do  nut  absorb  water  from  the 
soil  with  sufficient  rapidity.  And  though  it  is  probable  that,  at  every 
temperature  above  that  of  absolute  freezing,  the  food  contained  in  the 
soil  is  absorbed  and  transmitted  more  or  less  slowly  to  the  stem,  yet  it  is 
well  known  that  a  (genial  warmth  in  the  soil  stimulates  the  roots  to  in- 
creased activity.  The  practice  of  gardeners  in  applying  bottom  heat  in 
Che  artificial  climate  of  the  green- house  and  conservatory  is  founded  on 
this  well-known  principle. 

But  the  nature  of  the  soil  in  which  plants  grow  has  also  much  influ- 
ence on  the  way  in  which  the  functions  of  tlie  root  are  discharged.  As 
a  p^eneral  fact  this  also  is  well  known,  though  the  special  qualities  of  the 
soil  on  which  the  greater  or  less  activity  of  vegetation  depends,  are  far 
from  being  generally  understood.  If  the  soil  contain  a  sensible  quantity 
of  any  substance  which  is  noxious  to  plants,  it  is  plain  that  their  roots 
-will  be  to  a  certain  degree  enfeebled,  and  their  functions  in  consequence 
only  imperfectly  discharged.  Or  if  the  soil  be  deficient  either  in  organic 
food,  or  in  one  or  other  of  those  inorganic  substances  which  the  plants 
necessarily  require  for  the  production  of  their  several  parts,  the  roots 
cannot  perform  their  office  with  any  degree  of  efficiency.  Where  the 
necessary  materials  are  wanting  the  builder  must  cease  to  work.  So  in 
a  soil  which  contains  no  silica,  the  grain  of  wheat  may  germinate,  but 
he  stalk  cannot  be  produced  in  a  natural  or  healthy  state,  since  silica  is 
indis|)ensab1e  to  its  healthy  construction. 

II.  The  ascent  of  the  sap  is  modified  chiefly  by  the  season  of  the 
year,  by  the  heat  of  the  day,  and  by  the  genus  and!  age  of  the  plant  or 
tree. 

There  seems  reason  to  believe  that  the  plant  never  sleeps,  that  even 
dtirine  the  winter  the  circulatioo  slowly  proceeds,  though  the  first 
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ffODial  sunshine  of  the  early  spring  stimulates  it  to  increased  activity* 
The  general  increased  temperature  of  the  air  does  not  produce  thU  ac- 
celeration in  so  remarkable  a  manner  as  (he  direct  rays  of  the  sun.  The 
sap  will  flow  and  circulate  on  the  side  of  a  tree  on  which  the  sunshine 
falls,  while  it  remains  sensibly  stagnant  on  the  other.  This  is  shown  by 
the  cutting  down  similar  trees  at  more  and  niore  advanced  periods  of 
the  spring,  and  immersing  their  lower  extremities  in  coloured  solutions. 
The  wood  and  bark  on  one  side  of  the  tree  will  be  coloured,  while,  on 
the  other,  both  will  remain  unstained.  If  a  similar  diiierence  in  the 
comparative  rapidity  of  the  circulation  on  opposite  sides  of  a  trunk  or 
branch  be  supposed  to  prevail  more  or  less  throughout  the  year,  we  can 
readily  account  for  the  annual  layers  of  wood  being  oflen  thicker  on 
the  one  half  of  the  circumference  of  tlie  stem  than  on  the  other. 

The  sap  is  generally  supposed  lo  flow  most  rapidly  during  the  spring, 
but  if  trees  be  cut  down  at  different  seasons,  and  immersed  as  above 
described,  the  coloured  solution,  according  to  Boucherie,  reaches  the 
leaves  most  rapidly  in  the  autumn.* 

The  heat  of  the  day,  other  circumstances  being  the  same,  materially 
affects,  for  the  time,  the  rapidity  of  the  circulation.  The  more  rapidly 
watery  and  other  vapours  are  exhaled  from  the  leaves,  the  more  quick- 
ly must  the  sap  flow  upwards  to  supply  the  waste.  If  on  two  succes- 
sive days  the  loss  by  the  leaves  be,  as  in  the  experiment  of  Hales,  above 
described,  (p.  90,)  as  2  to  3,  the  ascent  of  the  sap  must  be  accelerated 
or  retarded  in  a  similar  proportion.  Hence,  every  sensible  variation  in 
the  temperature  and  moisture  of  the  air,  must  also,  to  a  certain  extent, 
modify  the  flow  of  the  sap ;  must  cause  a  greater  or  less  transport  of  that 
food  which  the  earth  supplies,  to  be  carried  to  every  part  of  the  plant, 
and  must  thus  sensibly  affect  the  luxuriance  and  growth  of  the  whole. 

But  the  persistance  of  the  leaves  is  a  generic  character,  which  has 
considerable  influence  upon  the  circulation  in  the  evergreens.  In  the 
pine  and  the  holly,  from  which  the  leaves  do  not  fall  in  the  autumn,  the 
sap  ascends  and  descends  during  all  the  colder  months,— at  a  slower 
rale,  it  is  true,  than  in  the  hot  days  of  summer,  yet  much  more  sensibly 
than  in  the  oak  and  ash,  which  spread  their  naked  arms  through  the 
wintery  air«  This  is  illustrated  by  the  experiments  of  Boucherie,  who 
has  observed  that  in  December  and  January  the  entire  wood  of  resinous 
trees  may  be  readily  and  thoroughly  penetrated  by  the  spontaneous  as- 
cent of  saline  and  other  solutions,  into  which  their  stems  may  be  im- 
mersed. 

III.  From  what  has  just  been  stated,  it  will  appear  that  the  mechani- 
cal functions  of  the  stem  are  subject  to  precisely  the  same  influences  as 
the  ascent  of  the  sap.  As  the  tree  advances  in  age,  the  vessels  of  the 
interior  will  become  more  or  less  obliterated,  and  the  general  course  of 
the  sap  will  be  gradually  transferred  to  annual  layers,  more  and  more 

*  Boucherie  makes  a  diatlDctlon,  not  hliherto  insisted  upon  by  physioloffscs,  between  the 
eircalation  on  the  surface  of  the  tree  by  which  (he  buds  and  yoooc  tvriga  are  mipported,  and 
the  Interior  circulation,  which  Is  not  perfect  uaUl  a  lalter  period  of  the  year,  uence  in  the 
spring,  ihouxh  the  sap  is  flowing  rapidly  through  the  bark  and  the  newest  wood,  coloured 
soiations  wlu  not  penetrate  the  interior  of  the  tree  with  any  degree  of  rapidity,  in  autunui, 
on  t^ie  other  hand— when  the  fear  of  approaching  winter  iias  already  descended  oiwn  the 
liark— the  time  of  most  actiTe  circulation  has  only  arrived  for  the  interior  layers  of  the  older 
wood.  It  is  this  season  consequently  that  he  finds  most  fiivourable  for  impregnating  th« 
trunkfl  of  trees  widi  Uiose  soIutkMw  which  ar«  Ukolj  to  praMrre  them  fiom  decay.— Amn.  4a 
CaWiw.  e<  <to  PA^.,  Uxlv.,  p.  136.  "^ 
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removed  from  the  centre.  It  is  this  transference  of  tbe  vital  circala- 
tion  to  newer  and  more  perfect  veaeeU  that  enables  the  tree  to  grow  and 
blossom  and  bear  fniit  through  so  long  a  life*  In  animals  the  vessels 
are  gradually  worn  out  by  incessant  action.  None  of  them,  through 
old  age,  are  permitted  to  retire  firom  the  service  of  the  body— and  the 
whole  system  must  stop  when  one  of  them  is  incapacitated  for  the 
Airther  performance  of  its  appointed  duties. 

Id  regard  to  tbe  chemical  functions  of  the  stem,  it  is  obvious  that  they 
are  not  assigned  to  the  mere  woody  matter  of  the  vessels  and  cells. 
They  take  place  in  these  vessels,  but  the  nature  and  extent  of  the  chemi- 
cal changes  themselves  must  be  dependent  upon  the  quantity  and  kinds 
of  matter  which  ascend  or  descend  in  the  sap.  The  entire  chemical 
functions  of  the  plant,  therefore,  must  be  dependent  upon  and  must  be 
modified  by  the  nature  of  the  substances  which  the  soil  and  the  air  re- 
spectively present  to  the  roots  and  to  the  leaves. 

IV.  In  describing  the  functions  of  the  leaf,  I  have  already  had  occa- 
sion to  advert  to  the  greater  number  of  the  circumstances  bv  which  the 
diBcharge  of  those  functions  is  most  materially  aflected.  We  have  seen 
that  the  purposes  served  by  the  leaf  are  entirely  difl^ent  according  as 
the  sun  is  above  or  below  the  horizon ;  that  the  temperature  and  mois- 
tare  of  the  air  may  indeed  materially  influence  the  rapidity  with  which 
ila  fanctioBS  are  discharged— but  that  the  light  of  the  sun  actually  deter- 
mines their  nature.  Thus  the  leaf  becomes  green  and  oxygen  is  given 
ofi*  in  the  presence  of  the  sun,  while  in  his  absence  carbonic  acid  is  dis- 
eoffaged,  and  the  whole  plant  is  blanched. 

How  necessa^  light  is  to  the  health  of  plants  may  be  inferred  from 
the  eagerness  with  which  they  appear  to  long  for  it.  How  intensely 
does  the  sun-flower  watch  the  daily  course  of  tbe  sun,— how  do  the 
countless  blossoms  nightly  droop  when  he  retires,^-and  the  blanched 
plant  strive  to  reach  an  open  chink  through  which  his  light  may  reach 
It!* 

That  the  warmth  of  the  sun  has  comparatively  little  to  do  with  this 
specific  action  of  his  rays  on  the  chemical  functions  of  the  leaf,  is  illus- 
trated bv  some  interesting  experiments  of  Mr.  Hunt,  on  the  efiect  of 
rays  of  light  of  different  colours  on  the  growioc  plant.  He  sowed  cress 
seed,  and  exposed  difierent  portions  of  the  soil  in  which  the  seeds  were 
germinating,  to  the  action  of  the  red,  yellow,  green,  and  blue  rays, 
which  were  transmitted  bv  equal  thicknesses  of  solutions  of  these  seve- 
ral colours.  **  After  ten  days,  there  was  under  the  blue  fluid,  a  crop  of 
cress  of  as  bright  a  green  as  any  which  grew  in  full  light  and  far  more 
abundant.  The  crop  was  scanty  under  the  green  fluid,  and  of  a  pale 
yellow,  unhealthy  colour.  Under  the  vellow  solution,  only  two  or  tnree 
plants  appeared,  but  less  pale  than  those  under  the  creen,— while  be- 
neath the  red,  a  few  more  plants  came  up  than  under  the  yellow,  though 
they  also  were  of  an  unhealthy  colour.  The  red  and  blue  bottles  being 
now  mutually  transferred,  the  crop  formerly  beneath  the  blue  in  a  few 

*  A  poCato  has  b«en  obaarved  to  grow  up  io  qoeot  of  light  firom  Uie  bottom  of  a  welt 
twoWe  foot  deep— uid  lo  a  daik  cellar  a  ahoot  or  20  feet  to  lengUi  liaa  beeo  met  with,  tbe 
eztromlty  of  which  had  reached  aiid  reeled  at  an  open  window.  In  the  leavee  of  blanched 
▼egeiablea  peculiar  chemleal  compouodo  are  formed.    Tbua  in  the  atalk  of  the  potato  a 

riTltfmirnt  trr'H'r^'^  ^*"*^  MmL„„Jm  tm  pmdmmrf^  whir  h  dl— ppwm  fmfci  arhan  Ihtt  talk  imta. 

yosed  to  ths  Ugbt  and  beconea  green. 
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days  appeared  blighted,  while  on  the  patch  previoasly  ezpoied  to  the 
red,  some  additional  plants  sprung  up.*'* 

Besides  the  rays  of  heat  and  of  light,  the  sun-beam  contains  what 
have  been  galled  chemicaL  rays,  not  distinguishable  by  our  senses*  hot 
capable  of  being  lecoffnized  by  the  chemical  efieds  they  produce. 
These  rays  appear  to  difier  in  kind,  as  the  rays  of  different  coloured 
light  do.  It  IS  to  the  .action  of  these  chemical  rays  on  the  leaf,  and 
especially  to  those  which  are  associated  with  the  blue  li^ht  in  the  solar 
beam,  that  the  chemical  influence  of  the  sun  on  the  functions  of  the  leaf 
is  principally  to  be  ascribed. 

It  cannot  be  doubted  that  the  warmth  and  moisture  of  a  tropical  cli- 
mate act  as  powerful  stimulants— assistants  it  may  be— 4o  the  leaf,  in 
the  absorption  of  carbonic  acid  from  the  air,  and  in  that  rapid  appropria- 
tion  (assimilation)  of  its  carbon  by  which  the  growth  of  the  plant  is  nas* 
tened  and  promoted.  But  the  bright  sun,  and  especially  the  chemical  in- 
fluence of  his  beams,  must  be  regarded  as  the  maiu  agent  in  the  wonderful 
development  of  a  tropical  vegetation.  Under  this  influence  the  growth 
by  the  Jeares  at  the  expense  of  the  air  must  be  materially  increased, 
and  the  plant  be  rendered  less  dependent  upon  the  root  and  the  soil  for 
the  food  on  which  it  lives,  f 

y .  The  rapidity  with  which  a  plant  grows  has  an  important  influence 
upon  the  share  which  the  bark  is  permitted  to  take  in  the  general 
nourishment  of  the  whole.  The  green  shoot  performs  in  some  degree 
the  functions  of  the  leaf.  In  vascular  plants,  therefore,  which  in  a  coo- 
genial  climate  may  almost  be  seen  to  grow,  the  entire  rind  of  a  tall  tree 
may  more  or  less  efleciually  absorb  carbonic  acid  from^the  atmosphere, 
during  the  presence  of  the  sun.  The  broad  leaves  of  the  palm  tree, 
when  fully  developed,  render  tlie  plant  in  a  great  degree  independent  of 
the  soil  for  organic  food—- and  the  large  amount  of  absorbing  surface  in 
the  long  green  tender  stalks  of  the  grasses,  and  of  their  tropical  ana- 
logues, must  materially  contribute  to  the  same  end.  Hence  the  pro- 
portion of  organic  matter  derived  from  the  air,  in  any  crop  we  reap, 
must  always  be  the  greater  the  more  rapid  its  general  vegetation  has 
been. 


It  is  a  fact  familiarly  known  to  all  of  you,  that,  besides  those  circum- 
stances by  which  we  can  perceive  the  special  functions  of  any  one  or- 
gan to  be  modified,  there  are  many  by  which  the  entire  economy  of  the 
plant  is  materially  and  simultaneously  affected.  On  this  fact  the  prac- 
tice of  agriculture  is  founded,  and  the  various  processes  adopted  by  the 
practical  farmer  are  only  so  many  modes  by  which  he  hopes  to  infln- 

*  ZdmiiionmndJEklhtbm'ghJouriudt^Saeneetf^ebntary^  184a 

Might  not  our  cheap  blue  glau  be  used  with  advaaiage  io  glaziQg  bolphouaes,  oon«erT»* 
tortoi,  *e.  T 

t  The  elTeet  of  eonttnoed  MnshliM  may  be  often  seen  In  oar  eoraaelda  In  May,  whea, 
ODder  the  influence  of  propitioue  weather,  the  young  plants  are  thooUng  rapidly  up.  When 
•ttch  a  field  Is  boaoded  by  a  lofty  hedge  running  nearly  north  and  aoutn,  the  rt.lf  «a  nearest 
the  hedge  on  either  aide  wUl  be  in  the  ahiuie  for  nearly  one-half  of  the  day,  and  will  invaria. 
bly  appear  of  a  paler  green  and  leas  healthy  colour.  If  the  hedge  be  studded  wiili  occasiom  1 
lane  trees,  the  spots  on  which  the  shadows  of  those  trees  rest  will  be  indiciied  by  distinct 
nafo  green  patehesBirstehing  fimb«r  Into  the  field  than  the  fine,  ami  ssmeUmes  even  thta 
the  second  ridges. 
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ence  and  promote  the  growth  of  the  whole  plant,  and  the  discharge  of 
the  functions  of  all  its  parts. 

Though  manures  in  the  soil  act  immediately  through  the  roots,  they 
stimulate  the  growth  of  the  entire  plant;  and  though  the  application  of 
a  top-dressing  ma^  be  supposed  first  to  aflfect  the  leaf,  yet  the  beneficial 
result  of  the  experiment  depends  upon  the  influence  wnich  the  dressing 
may  exercise  on  every  part  of  the  vegetable  tissue. 

Ill  connection  with  this  part  of  the  subject,  therefore,  I  shall  only 
further  advert  to  a  very  remarkable  fact  mentioned  by  Sprengel,  which 
seems,  if  correct,  to  be  susceptible  of  important  practical  applications. 
He  states  that  it  has  very  frequently  been  observed  in  Hoktein,  that  if, 
on  an  extent  of  level  ground  sown  with  com,  some  fields  be  marled,  and 
others  left  nnmarled,  the  com  on  the  latter  portions  will  now  less  luxuri- 
antly and  will  yOld  a  poorer  crop  than  if  the  whUe  had  been  unmarUd. 
Hence  he  adds,  if  the  occupier  of  the  unmarled  field  would  not  have  a 
•accession  of  poor  crops,  be  must  marl  his  land  also.* 

Can  it  really  be  that  nature  thus  rewards  the  diligent  and  the  impro- 
Tsr?  Do  the  plants  which  crow  on  a  soil  in  higher  condition  take  from 
the  air  more  than  their  due  snare  of  the  carbonic  acid  or  other  vegetable 
food  it  may  contain,  and  leave  to  the  tenants  of  the  poorer  toil  a  leas  pro- 
portion than  they  might  otherwise  draw  from  it  T  How  many  interest- 
ing reflections  does  such  a  fact  as  this  snggest !  What  new  views  does 
it  disclose  of  the  filtering  care  of  the  great  Contriver-— of  his  kind  enooor- 
agement  of  every  species  of  virtuous  labour !  Can  it  fiul  to  read  to  us  a 
new  and  special  lesson  on  the  benefits  to  be  derived  from  the  application 
of  skill  and  knowledge  to  the  cultivation  of  the  soil  7 

*  Wtnn  nlimUeh  uf  •iMr  FtUUIar  fltfick  am  SiQck  gemvigek  irorden  iiC,  so  wBclwaa 
die  Fr&chte  aafden  nicht  cemergeUeD  Feldera,  aoeh  wean  hier  alia  friiheren  ▼arhlUtDlaM 
|u»  dic-eelbeo  blefben,nlcnt  mehraojnit,  als  ehedem ;  wodarch  die  Beallser  Jener  Felder, 
wwualeoiclit  loctwIUireod  gerlofe  Brndten  haben  woHen,  geniithict  alnd,  j laiebfalla  n 
meif  eliL  Aut  dieaer  hOcbat  Tichiigea  EnchelDung,  die  man  mhr  h&Ji^  In  Holafinachen 
bemerkt,  *«.— 4SpraDg8],Oheffii6^r  LanAoirfAacAct/f,  L,  p.  308. 
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of  Whieb  planU  chiefly  eonsitt— Woody  fibre,  'Sureh,  Oom,  flogunt— 'Hioir  nnh 

tial  nlaxlona  and  tranerormatioii»-«luleD,Vefetable  AMnuima,  DImum— Aoacle,  TUtorie, 
Malic,  CUrie,  and  Oxalic  Aclda— Oeaecal  obMrralioiia. 

Fbom  what  haabeen  stated  re^prding  the  stnicture  of  plants,  it  will  be 
understood  in  what  way  the  food  is  introduced  into  their  circulation.  The 
next  inquiry  appears  to  be  Aoiiv-by  what  chemical  changes  is  the  food, 
when  introduced,  converted  into  those  substances  of  wftich  plantt  chiefly 
consist.  But  in  order  that  we  may  clearly  understand  this  point,  it  la 
necessary  that  we  know  first  the  nature  and  chemical  constitution  of  the 
substances  which  are  most  larsely  formed  from  the  food  in  the  interior 
of  the  plant.  To  this  point,  Oierefore,  I  must  previously  direct  your 
attention. 

If  you  were  to  collect  all  tfte  varieties  of  plants  which  are  within  voor 
reach— -whether  such  as  are  cultivated  and  used  for  food — or  such  as 
grow  more  or  less  abundantly  in  a  wild  state— and  were  to  extract  their 
several  juices,  and  to  separate  from  each  of  these  juices  the  chemical 
compounds  it  contain4«-you  would  gradually  gather  together  so  many 
different  substances,  all  possessed  of  difierent  properties,  that  you  would 
scarcely  be  able  to  number  them. 

But  if  at  the  same  time  you  compared  the  weight  of  each  substance 
thus  collected  with  that  of  the  entire  plant  from  which  it  is  derived,  yon 
would  find  also  that  the  quantity  of  many  of  them  is  comparatively  so 
minute  that  only  a  very  small  portion  of  the  vital  energies  of  the  plaat 
can  be  expended  in  producing  them,— that  they  may  be  entirely  neglect- 
ed in  a  general  consideration  of  the  great  products  of  vegetation.  Thus 
though  quinine  and  morphine,  the  active  ingredients*in  Peruvian  bark 
and  in  opium,  are  most  interesting  substances,  from  their  efiect  upon  the 
human  constitution,  and  their  use  in  medicine,  yet  they  form  so  small  a 
fraction  of  the  mass  of  the  entire  trees  or  plants  from  which  they  are  ex- 
tracted, that  it  would  be  idle  to  attempt  to  convey  to  ^ou  any  notion  of 
the  way  in  which  plants  grow  and  ore  fed,  by  showing  you  how  such 
substances  as  these  are  pnxluced  from  the  food  on  which  plants  live. 

While,  however,  the  examination  would  satisfy  you  that  almost 
every  species  of  plant  produced  in  small  quantity  one  or  more  sub* 
stances  peculiar  to  itself,  you  would  observe,  at  the  same  time,  that 
every  plant  yielded  a  certain  quantity  of  two  or  three  substances  com- 
mon to  and  produced  by  all,  and  in  most  cases  constituting  the  greater 
portion  of  their  bulk.  Thus  all  trees  and  herbs  produce  wood  or  woody 
fibre,  and  of  this  substance  you  know  that  their  chief  bulk  consists. 
Again,  all  the  grains  and  roots  you  cultivate  contain  starch  in  large 
quantity,  an4  the  production  of  this  starch  is  one  of  the  great  objects  of 
the  art  of  culture.  The  juices  of  trees,  and  of  grasses,  and  of  cultivated 
nx)ts,  contain  sugar  and  gum,  and  sometimes  in  such  quantity  as  to 
make  their  extraction  a  source  of  profit  both  to  the  grower  aiMi  to  the 
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manufacturer.  The  flour  of  grain  coatains  sugar  also,  and  along  with  it 
two  other  substances,  in  small  quantity,  gluten  and  vegetable  allnmien, 
which  are  of  much  importance  in  reference  lo  the  nutritive  qualities  of 
the  different  varieties  of  flour.  Sugar  is  also  present  in  the  juices  of 
fruits,  but  it  is  there  associated  with  various  acid  (sour)  substances 
which  disappear  to  a  certain  extent  or  change  into  sugar  as  the  fruit 
ripens. 

Of  these  few  substances  the  great  bulk  of  vegetables  of  all  kinds  con- 
sists. They  constitute  nearly  the  whole  mass  of  those  various  crops 
which  the  art  of  culture  studies  to  raise  for  the  use  of  man  and  beast. 
To  the  study  of  these  substances,  therefore,  I  shall  at  present  confine 
your  attention,  and  if  I  shall  afterwards  be  able  to  make  you  under- 
stand bow  these  few  compound  bodies  are  produced  in  the  interior  of  a 
plant  from  the  food  it  takes  up,  I  shall  succeed  in  conveying  to  you  as 
much  information  in  regard  to  this  most  interesting  branch  of  our  subject 
as  will  be  necessary  to  a  general  explanation  not  only  of  the  natural 
growth  and  increase  of  plants,  but  of  the  nature  and  efficacy  of  those 
artificial  means  which  the  practical  farmer  employs,  in  order  to  hasten 
their  growth  or  enlarge  their  increase. 

§  1.  Woody  fibre  or  lignm^^its  canslilulion  and  properties. 
1^.  When  a  portion  of  the  stem  of  a  herbaceous  plant,  or  of  the  new- 
ly cut  wood  of  the  trunk  or  branch  of  a  tree,  is  reduced  to  small  pieces, 
and  boiled  in  successive  portions  oT  water  and  alcohol,  as  long  as  any 
thing  is  taken  up,  a  white  fibrous  mass  remains,  to  which  the  name  uf 
woody  fibre  or  lignin  has  been  given.  This  substance  has  no  taste  or 
smell,  and  is  perfectly  insoluble  in  water.  It  is  nearly  identical  in  its 
chemical  constitution  and  properties,  whether  it  be  obtained  from  the 
porous  willow,  or  from  the  solid  box  tree,  and  the  fibres  of  linen  and  of 
cotton  consist  essentially  of  the  same  substances. 

According  to  the  analysis  of  Dr.  Prout,  this  woody  fibre  when  dried 
at  350®  F.,  consists  of 

0  From  Box  Wood.  From  the  Willow. 

Carbon  .....     60-0  49-8 

Hydrogen  ....       6*55  5*58 

Oxygen      ....     44»46  44-62 

100  100 

It  will  be  recollected  that  water  consists  of  oxygen  and  hydrogen, 
combined  in  the  proportion,  by  weight,  of  8  of  the  former  to  1  of  the  lat- 
ter. (See  Lecture  II.,  p.  36.)  Now  if  the  hydrogen  above  given  be 
multiplied  by  8,  the  product  will  be  found  to  be  almost  exactly  the 
weight  of  the  oxygen  given — ^since 

5-55  X  8  =  44-40,  and 
5*58  X  8  =s  44-64. 
In  woody  fibre,  therefore,  the  hydrogen  and  oxygen  exist  in  the  same 
proportion  as  in  water,  and  its  composition,  therefore,  might  be  repre* 
sentcd  by 

Carbon 500 

Water 600 


100 
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did  we  not  know  that  woody  fibre,  when  heated  or  distilled*  cannot  be 
resolved  into  carbon  (charcoal)  and  water  altme^  and,  therefore,  cannot 
be  supposed  to  consist  of  these  alone. 

It  is  a  remarkable  character  of  this  substance,  however,  that  these  two 
elements,  hydrogen  and  oxygen,  exist  in  it  in  the  proportions  to  form 
water,  and  we  shall  find  the  knowledge  of  this  fact  of  great  importance 
to  us,  when  we  come  to  inquire  how  this  constituent  of  vegetables  is 
formed— from  the  food  on  which  they  live. 

2^.  If  a  portion  of  the  wood  of  a  tree  be  dried  and  analyzed  without 

being  previously  digested  in  water,  alcohol,  and  ether,  as  long  as  any 

thing  is  taken  up,  the  proportion  of  the  constituents  is  found  to  vary 

slightly  with  the  species  of  tree,  but  in  all  cases  the  hydrogen  is  in  larger 

quantity  than  is  necessary  to  form  water  with  the  oxygen  they  contain. 

Thus,  according  to  Payen,  the  dry  wood  of  the  following  trees  consists  of 

Kbonj.  WalniiL  Oak.  Beeeh. 

Carbon      .     .     .     62-85  51-92  5000  49-25 

Hydrogen      .     .       600  5  96  6-20  6-10 

Oxygen     .     .     .     4115  4212  4380  44-65 

100  100  100  100 

The  carbon  in  these  several  kinds  of  wood  differs  as  much  as  three 
per  cent.,  but  in  each  of  them  the  product  of  the  hydrogen,  when  multi- 
plied by  8,  is  considerably  greater  than  the  per  centage  of  oxygen. 

3°.  When  the  solid  substance  of  wood  is  examined  under  the  micro- 
scope it  is  observed  to  consist  of  two  portions  or  kinds  of  matter,  that  of 
which  the  original  sides  of  the  cells  and  tubes  is  composed,  called  the 
cellular  matter — ^the  true  woody  fibre— and  of  a  solid  substance  by  which 
the  cells  are  internally  coated  and  strengthened,  called  the  incrusting 
matter.  It  is  in  this  latter  substance  that  the  excess  of  hydrogen,  exhi- 
bited by  the  preceding  analysis,  is  supposed  to  exist,  the  true  woody 
fibre  containing  always  the  hydrogen  and  oxygen  in  the  proportions  ne- 
cessary to  form  water.* 

f 
*  Payeo  at  first  considered  this  inertuting  matter  as  a  peculiar  aabstance,  for  wblch  hs 
proposed  (he  name  ofaderogene.  Hia  first  mode  of  aepamting  It  from  the  cellular  matter 
was  bT  treating  the  finelf  rasped  wood  (of  the  oak  and  beech)  with  nitric  acid,  which  dl» 
■olTed  out  the  incrusring  matter  and  led  the  cellular  matter  behind.  Hia  second  mode  was 
to  digest  the  wood  with  dilute  sulphuric  acirl,  by  which  the  cellular  matter  waa  diasolved 
oat,  and  the  incniatin^  matter  left  It  is  obvious,  however,  that  no  reliance  whatever  can  bo 
placed  on  the  analyses  of  substances  so  treated,  since  (hey  cannot  fail  to  have  undergone  a 
chemical  change  by  being  exposed  to  the  action  of  these  strong  acids.  Further  examination 
has  satisfied  Payen  (hat  the  incrusting  matter  consisiB  of  at  least  thrre  substances,  of  wbich 
one  is  soluble  In  water,  alcobol,  and  ether,  another  In  alcohol  onlv,  wliite  the  third  Is  Insoln- 
bio  in  any  of  these  liquida.    They  are  composed,  according  to  his  analyses,  of 

Soluble  in  Boiublo  In 

Inaolublo.  alcohol  only.        wator  and  alcoboL 

Carbon        ...        48  628  6863 

Hydrogen   ...         6  69  704 

Oxygen       ...       46  313  94-13^ 

100  100  100 

It  Is  impoaofble  to  mr  how  far  the  aubitancea  analysed  by  Payen  are  to  bo  cooddond  m 
pure,  or  aa  actually  existing  in  the  pores,  or  In  the  incrusting  maUer  of  the  woody  fibre,  bat 
It  Is  obvious  that  the  presence  of  a  variable  quantity  of  such  subotances  will  necesnrllT 
caoae  that  excess  of  hydrogen,  in  the  entire  wood,  which  appears  In  the  analysis  of  the  ebo> 
ny,  walnut,  oak,  and  beech  woods,  given  in  the  text.  That  such  an  excess  of  hydroffsn 
above  what  is  necessary  to  form  water  with  the  oxygen,  does  exiat  in  the  wood  of  moot  treoi 


(^  Meyen'i  Jakrttberichtf  1839,  p.  10.] 
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It  18  exceedingly  difficult  in  any  case  to  separate  the  cellular  from  the 
incruatiug  matter  of  wood,  so  as  to  obtain  the  means  of  determining  by 
analysis  the  exact  diSerence  in  their  elementary  constitution.  Under 
the  impression  that  in  very  light  and  porous  substances  be  should  ob- 
tain the  cellular  matter  in  a  purer  form,  Payen  analysed  the  fibre  of 
cotton— the  pith  of  the  elder,  the  cellular  substance  of  the  cucumber,  of 
the  mushroom,  and  of  other  fungi,  the  spongy  matter  which  forms  the 
extremities  of  the  roots  of  plants,  and  various  other  similar  substances, 
and  in  all  these  varieties  he  found  the  hydrogen  and  oxygen  to  exist  in 
the  proportions  to  form  water.  The  mean  of  his  analyses  was  very 
nearly  as  follows — ^which  for  the  purpose  of  comparison  I  shall  contrast 
with  that  of  Dr.  Proat : 

Woodj  fibre  of  box  and  Cellnkr  Batter  of  vaeeu* 

willow— Dr.  ProuL  lar  plaoU— Payeo. 
Carbon    .     .     .    5000  44-80 

Hydrogen     .     .      6*55  6-20 

Oxygen   .     .     .     44*45  490 

100  100* 

In  both  these  analyses  the  hydrogen  is  very  nearly  8  tiroes  that  of 
the  oxygen.  All  these  substances,  therefore,  may  be  represented  by 
carbon  and  water,  though  the  woody  fibre  of  Dr.  Prout  contains  5  per 
cent,  more  carbon  than  the  cellular  matter  of  Payen. 

If  we  calculate  the  number  of  equivalents  of  each  element  contained 
in  these  two  varieties!  of  vegetable  fibre  composed  as  above  exhibited, 
we  find  in  the  one  12  of  carbon,  8  of  hydrogen,  and  8  of  oxygen ;  in 
the  other,  12  of  carlxin,  10  of  hydrogen,  and  10  of  oxygen.  They  may. 
therefore,  be  conveniently  represented  by  the  following  formulae  : 

WooDT  Fibre oy  ^,3    H,     C, 

Cellular  Fibre.  .  .  .  by  C^  U|o  Cjq 
It  is  not  unlikely  that  both  of  these  forms  of  matter  may  exist,  as 
well  in  the  perfect  wooi>of  trees  as  in  the  less  consolidated  pith  of  the 
elder,  or  in  the  fibres  of  cotton — and  that  they  may  occur  intermingled 
also  in  varying  proportions  with  other  substances,  containing  hydrogen 
in  excess.^ 

in  tta  natural  Mate,  ta  a  fact  to  whieh  It  will  be  Important  to  advert  when  we  eonaider  here* 
after  the  chemical  changea  which  the  food  uodeifoea  in  the  interior  of  the  plant 

*  Meyen'a  JaArwfon'cAl,  1839,  p.  la 

t  Thla  la  done  Terr  iimptj  bj  dividing  the  caibon  by  6,  and  the  ozygeo  bj  8(aee  page 
dSxUiiu— 

Carbon    -    -    -     60 -h  6  =  8-33  C  which  nnmbera 
Hydrogen    -    •  6-66        =r5-56  /      are  lo  each 
Ozjgen   •    .    .44^-^8  =  66•5  (        other  a 

t  The  extateoee  of  a  variety  of  cellular  fibre  identical  in  conalitutlon  with  common  atarch, 
aa  thla  of  Paven  la,  (see  anhsemicnt  ae ciion,  p.  106,)  waa  prevlnuslv  rendered  probable  by 
the  obaervationa  of  Dr.  Schleiden,  that  Uie  embryo  of  the  Schotta  UaifoUa^  conslatlnc  of 
porea  and  veaaela,  the  aidca  of  which  exhibit  distinct  concentric  layera,  la  entirely  aolabie 
In  water,  with  the  exception  of  the  outer  rind ;  and  that  Ita  aolution  becomea  blue  on  the 
addition  of  iodine.  It  would  appear  aa  If  the  cellular  aubatance  were  In  this  case  wholly 
compoaed  of  Starch.  iPcggendarfa  Annedeny  xllii.,  p.  39a)  It  may«  however,  be  hi  auch  a 
■late  of  tenuity  in  the  emlwyo  of  this  plant,  aa  to  be  eaaily  changed  into  atarch  bv  the  action 
of  hot  water;  and  U  ia  atill  by  no  meana  certain  that  the  cellular  fibre  analyxed  by  Payen 
may  not  alao  have  undeigone  a  change  by  the  treatment  to  which  it  was  previously  aabject* 
ed.  I  am  unable,  however,  to  apealc  decidedly  on  thla  aubject,  aa  I  have  not  seen  the  de- 
taila  of  If.  Payen'a  aeveral  papera.  (See  aubaequent  aecUoQ,  on  the  mutual  tranajbnnatwn§ 
qfwo9d^/Un,  March,  gum,  wamigar,  p.  112.)  ugizeuDy  ^wv.^lC 


mibera  )\2 
each  >  8 
raa        )  8 
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I  have  spoken  of  these  varieiies  of  woody  fibre  as  constituting  a  large 
portion  of  the  entire  mass  of  vegetable  matter  produced  during  the 
growth  of  plants.  That  such  is  the  case  in  the  more  gigantic  vegetable 
productions,  of  which  the  great  forests  consist,  is  sufficiently  evident, 
and  so  far  the  general  statement  is  easily  seen  to  be  correct.  It  is  aUo 
true  of  the  dried  stalks  of  the  grasses  and  the  corn-growing  plants,  of 
which  it  forms  nearly  one-half  the  weight,— but  in  roots  and  some 
plants  which  are  raised  for  food,  the  quantity  of  woody  fibre,  especially 
in  the  earlier  stages  of  their  growth,  is  comparatively  small.*  Thus  in 
the  beet  root  it  forms  only  3  per  cent,  of  the  whole  weight  when  taken 
from  the  ground.  If  suffered  to  remain  in  the  soil  till  it  becomes  old, 
or  if  the  growth  be  very  slow,  the  beet  becomes  more  woody,  aa  many 
other  roots  do,  and  the  quantity  of  ligneous  fibre  increases. 

§  2.  Starch — its  constitulion  and  properties* 
Next  to  woody  fibre,  starch  is  probably  the  most  abundant  prodoctof 
vegetation.  To  the  agriculturist  it  is  a  substance  of  much  more  interest 
and  importance  than  the  woody  or  cellular  fibre,  from  the  value  it  pos- 
sesses as  one  of  the  staple  ingredients  in  the  food  of  man  and  animals— 
and  from  its  forming  a  lar^e  jwrtion  of  the  weight  of  the  various  grains 
and  roots  which  are  the  principal  objects  of  the  art  of  culture. 

1°.  When  the  flour  of  wheat,  barley,  onts,  Indian  com,  ^c,  is  mixed 
np  into  a  dough  with  water,  and  this  dou^h  washed  on  a  linen  cloth 
with  pure  water,  a  milky  liquid  passes  through,  from  which,  when  sec 
aside,  a  white  powder  gradually  falls.  This  white  powder  is  the  stareh 
of  wheaten  or  other  flour. 

2°.  When  the  pith  of  the  sago  palm  is  washed,  in  a  similar  manner, 
with  water  upon  a  fine  sieve,  a  white  powder  is  deposited  by  the  milky 
liquid  which  passes  through.  This,  when  collected,  forced  through  a 
metal  sieve  to  granulate  (or  corn)  it,  and  dried  by  agitation  over  the 
fire,  is  the  sago  of  commerce. 

The  following  table  sbowe  the  per  centaye  of  woody  lltyre  eontained  in  some  eommoii 
^1  Id  tbo  green  etate,  and  when  dried  in  the  afr,  and  at  2199 : 

IN  TBI  GRSSN  BTATB. 

Dried  In  the  air.    Dried  at  212°.    Woody  fibre.    Water, 
percent.  percent.  percent     percent 

Barley  etnw,  ripe CO  —  —  — 

Oateirtw,       do. —  47  —  — 

Maize  straw,  do. 24  —  —  — 

Btalligofiheiieidpea-    ...    —  _  10)^  80 

Eield  bean  straw 61  —  —  — 

AVhile  turnip —  —  3  gsi 

Common  beet  (beiavnlgarls)    •    —  —  3  8S 

Young  twigs  of  common  fnne  •    —  —  tH  GO 

Rape  straw,  ripe —  fig  U^i  77 

Tare  straw,  do. 37  —  —  

Vetch  plant  (V.  saltTa)     •    -    -    42  —  103<  77K 

Do.       (▼.  eracca)  in  flower  —  — 


103<  TTH 

WH  80 


Do.       (V.  narbonensis)  do.  — 

White  lupin,  in  flower,    ...  —  _  7  35 

Lacerne,  in  flower,     ....  —  —  9  73 

Ryegrass,        do. —  —  n  C8 

Red  clover,      do. —  —  7  79 

White  clover,  do. >-  —  4j^  81 

Trefoil  (medium)  do.      .    .    .  ~  ~  eS  73 

Sainfoin  (esparsette)  ....  —  —  7  75 

Trefoil  (agrarium)  in  flower     •  —  .-  — 

Do.     (rubeos)       do.       .'   .  —  -  ^  ^    ^  ^ 

Digitized  b; 
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3°.  When  tbe  rsv  potato  ia  peeled  and  grated  oo  a  fine  grater,  aad 
the  pulp  thus  produced  well  washed  with  water,  potato  ttarok  is  ob- 
tained in  the  form  of  a  fine  white  powder,  consisting  of  rounded,  glossy 
and  shining  particles. 

4^.  When  the  roots  of  the  MaraiUa  Arundinaeea  of*  the  West  India 
Islands  are  grated  and  washed  like  the  potatoe,  they  yield  tbe  arrow 
root  of  commerce.  From  the  root  of  the  Manioc,  the  cassava  is  pro- 
cured by  a  similar  process,  and  this,  when  dried  by  agitation  on  a  hot 
plata>  is  the  tapioca  of  the  shops.  By  this  method  of  drying,  both  sago 
and  tapioca  undergo  a  partial  change,  which  will  be  explained  in  a  sab- 
aeouent  section  (see  p.  113.) 

The  substances  to  which  these  several  names  are  given  are,  when 
pure,  similar  in  their  properties,  and  identical  in  their  chemical  consti- 
tution. They  are  all  colourless,  tasieleas,  without  smell,  when  dry 
and  in  a  dry  place  may  be  kept  for  any  length  of  time  without  under- 
going alteration,  are  insoluble  in  cold  water  or  alcohol,  dissolve  readily 
in  boiling  water,  giving  a  solution  which  gelatinises  (becomes  a  jelly) 
on  cooUng^-and  in  a  cold  solution  of  iodine*^  they  all  become  blue. 

When  dried  at  212^,  they  consist,  according  to  Dr.  Prout,  with  whose 
analysis  those  of  other  chemists  agree,  of 

Carbon 44*0  per  cent.,  or  12  atoms. 

Hydrogen      ....       6*2  per  cent.,  or  10  atoms. 
Oxygen 49*8  per  cent.,  or  10  atoms. 

100 
Starch,  therefore,  may  be  represented  by  the  formula  C,2  Hi«  0,„ 
which  is  identical  with  that  deduced  in  the  preceding  section  for  the 
cellular  fibre  of  Paven.  Both  substances,  therefore,  contain  the  same 
elemenu  (carbon,  nydrogen  and  oxygen),  united  in  the  same  propor- 
.  tions,  and  in  both,  as  well  as  in  the  common  fibre  of  wood,  the  hydrogen 
and  oxygen  exists  in  the  proportion  to  form  water. 

That  starch  constitutes  a  large  ponion  of  the  weight  of  grains  and  roots, 
usually  grown  for  food,  will  appear  from  the  following  table,  which  ex- 
hibits the  quantity  present  in  100  lbs.  of  each  substance  named  : 

Starch  per  cant. 

Wheat  flour 39  to  77 

Rye        •• 60  to  61 

Barley    " 67  to  70 

Oatmeal 70  to  80 

Bice  flour 84  to  85 

Maize  " 77  to  80 

Buckwheat 52 

Pea  and  Bean  meal 42  to  43 

Potatoes,  containing  73  to  78  of  water,       •     13  to  15 
It  thus  exbts  most  largely  in  the  seeds  of  plants,  and  in  some  roots. 
It  is  frequently  deposited,  however,  among  the  woody  fibre  of  certain 
trees,  as  in  that  of  the  willow,  and  in  the  inner  bark  of  others,  as  in 

*  Iodine  ta  a  eoM  labiCaiice,  of  a  lead-grer  coloar,  poaaeued  of  a  pecnliar  poweribl 
•door,  and  forming  when  healed  a  beauUfnl  ▼tolet  Tapoar.  b  ezlato  In  email  quantity  in  aea 
water,  and  in  some  marine  plants.  Ita  ooltithm  In  water  rMdilr  jhowa^the  .preaenee  of 
8tareb,b7ihebbMeoloiirttUnpartaloit  ugmzedoy  ^^^^.^ 
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those  of  the  beech  and  the  pine.*  Henee  the  raadinow  with  whSeh  a 
branch  of  ihe  willow  takes  root  and  sprouts,  and  hence  also  the  occa- 
sional Qseof'the  inner  bark  of  trees  for  Ibod,  especially  in  northern  conn- 
tries,  and  in  times  of  scarcity.  In  some  roots  which  abound  in  sugar, 
as  in  those  of  the  beet,  the  turnip,  and  the  carrot,  only  2  or  3  per  cent, 
of  starch  can  be  detected. 

§  3.  ChimF''4U  eonstUuHon  and  properties. 

The  yartety  of  gum  with  which  we  are  most  femiliar  is  gum  arahict 
or  Senegal^  the  prnluce  of  Yarious  species  of  ocoeta,  which  grow  in  the 
warmer  regions  of  Asia,  Africa,  and  America.  It  exudes  from  the 
twigs  and  stems  of  these  trees,  and  collects  in  rounded  more  or  less 
transparent  drops  or  tears.  It  is  also  produced  in  smaller  quantities  in 
many  of  our  fruit  trees,  as  the  apple,  the  plum,  and  the  cherry ;  it  ta 
present  in  some  herbaceous  plants,  as  in  the  althsea  and  malva  omcinalis 
(common  and  marsh  mallow) ;  and  it  exists  in  lint,  rape,  and  many 
other  seeds.  When  treated  with  boiling  water  these  plants  and  seeds 
give  mucilagiiwns  solutions. 

Many  varieties  of  gum  occur  in  nature,  but  they  are  all  characterised 
by  being  insoluble  iii  alcohol,  by  dissolving  or  becoming  gelatinous  in 
hot  or  cold  water,  and  by  giving  mtfci/a^nou^—viscid  and  glutinous- 
solutions,  which  may  be  employed  as  a  paste. 

Three  distinct  species  of  gum  have  been  recognised  by  chemists: 

1^.  ^ra&tn— of  which  sum  arabic  and  gum  Senegal  almost  entirely 
consist*  It  is  readily  soliAle  in  cold  water ^  giving  a  viscid  solution,  usu- 
ally known  by  the  name  of  the  mttdlage  of  gum  arabic. 

2°.  Cfronn— which  exists  in  the  cum  of  the  cherry-tree.  It  is  inso- 
luble in  cold  toatert  but  dissolves  readily  in  boiling  water.  When  thus 
dissolved  it  may  be  dried  without  losing  iu  solubility,  and  is  therefore  by 
boiling  supposed  to  be  changed  into  arabin. 

3°.  Bassorin^-^xisting  in  what  is  called  bassora  gum-^^nd  forming 
a  large  portion  of  gum  tragocanih.t  It  swells  and  becomes  gelatinous  in 
ecld  water ^  but  does  not  dissolve  in  water  either  cold  or  hot. 

By  these  characters,  the  three  kinds  of  gum  are  not  only  readily  die- 
ting ished,  hot  may  be  easily  separated  from  each  other.  Thus  if  a 
native  gum  or  an  artificial  mixture  contain  all  the  three,  simple  steeping 
in  and  subsequent  washing  with  cold  wafer,  will  separate  the  ara6tfi— 
boiling  water  will  then  take  up  the  cerasin^  and  the  oo^sonn  will  remain 
behind. 

These  different  kinds  of  gum  all  possess  the  same  chemical  constitu- 
tion.    According  to  the  analyses  of  Mulder,  they  consist  of 
Carbon    .     .     .    45*10  per  cent.,  or  12  atoms. 
Hydrogen     .     .      610       •*  or  10      *• 

Oxygen    .    .    .    48-80t      ••  or  10      " 

100 

*  tta  pretence  !■  readily  detected  in  nich  wood  bv  a  drop  of  the  eolation  of  iodlno-^hleli 
^iTee  a  permanent  blue  lo  etarcb,  but  to  the  woody  tbreonly  a  brownish  etaln. 

t  Thla  gum  exiala  alons  with  starch  In  the  rooie  of  the  variom  epeelM  of  evtMk,  espeelnlN 
of  Ummo  which  are  U8«l  for  making  Mkp^Meyen).  ^^^^ 

Berullui  itrpfrerji^fetoe,  1839,  p.  443.  uigi  izeu  oy  ^^  w^^i^ 
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Id  Uieee  aoftlyses,  as  in  those  of  starch  and  woody  fibre,  we  see  Oiat 
the  per  centage  of  oxygen  is  eqoal  to  that  of  the  hydrogen  roaltiplied  by 
8,  and  consequently  that  these  two  elements  are,  as  already  stated,  in 
the  proportion  to  form  water.  But  we  see  ako  that  the  carbon  is  in  the 
proportion  of  12  atoms  or  equivalents  to  10  of  each  of  the  other  con- 
stituents, and  thereibre  gum  may  be  represented  by  C| ,  H|  ^  O,  g— a 
formula  which  is  identical  with  that  already  given  for  starch  and  cellu- 
lar fibre. 

It  appears,  therefore,  that  not  only  may  gum,  Uarth,  and  edLidarfhre  be 
represented  by  carbon  and  water,  but  that  they  oil  condat  of  carbon  and 
ike  elements  cftDoter,  united  togeiherin  the  same  proportians. 

Oum  not  only  exists  in  many  seeds,  and  exudes  as  a  natural  product 
fiT>m  the  stems  and  twigs  of  many  trees,  but  is  also  contained  in  the 
juices  of  many  other  trees,  from  which  it  is  not  known  to  exude ;  and  in 
the  sap  of  most  plants  it  may  be  detected  in  greater  or  less  quantity.  It 
may  be  considered,  indeed,  as  one  of  those  substances  which  are  pro- 
duced most  largely  and  most  abundantly  in  the  vegetable  kingdom, 
since,  as  will  hereafler  appear,  it  is  one  of  those  forms  of  combination 
through  which  organic  matter  passes  in  the  interesting  series  of  changes 
it  undergoes  during  the  development  and  growth  of  toe  plant. 

§  4.  Of  Sugar — its  varieties  and  chemiccd  consUtuiian. 
1^.  Cane  Sugar, — Sugar,  identical  in  constitution  and  properties  with 
that  obtained  from  the  sugar-cane,  and  generally  known  by  the  name  of 
can€-sugar,  exists  in  the  juices  of  many  trees,  plants,  and  roots.  In  the 
United  States  of  North  America  the  juice  of  the  maple  tree  is  extensive- 
ly collected  in  spring,  and  when  boiled  down  yields  an  abundant  supply 
df  sugar.  In  the  Caucasus  that  of  the  walnut  is  extracted  for  the  same 
purpose.  The  juice  of  the  birch  also  contains  sugar,  and  it  may  be  ob- 
tained, in  lesser  quantity,  from  the  sap  of  many  other  trees.  In  the 
juice  of  the  turnip,  carrot,  and  beet,  it  is  also  present,  and  in  France  and 
Germany  the  latter  root  is  extensively  cultivated  for  the  manufacture  of 
beet  sugar.  In  the  unripe  grains  of  corn,  at  the  base  of  the  flowers  of 
many  grasses  and  clovers  when  in  blossom,  and  even  in  many  small 
roots,  as  in  that  of  the  quicken  or  couch-grass  (triticum  repens),  the  pre- 
sence of  sugar  may  likewise  be  readily  detected. 

Sugar  19  principally  distinguished  by  its  agreeable  sweet  taste. 
When  pure,  it  is  colourless  and  free  from  smell.  It  dissolves  readily 
in  alcohol  and  in  large  quantity  in  water.  The  solution  in  water,  when 
much  sugar  is  present,  has  an  oily  consistence,  and  is  known  by  the  name 
of  syrup.  From  this  syrup  the  sugar  gradually  deposits  itself  in  the 
form  of  sugar  candy.  If  the  syrup  be  boiled  on  too  hot  a  fire,  it  chars 
slightly,  becomes  discoloured,  and  a  quantity  of  molasses  is  formed. 
Pure  can€-sugar,  free  from  water,  consists  of 

Carbon     .     .     .    44*92  per  cent.,  or  12  atoms. 
Hydrogen     .     .      611         "        or  10      " 
Oxygen    .     .     .     48-97         '•        or  10      •' 

100 
If  we  compare  these  numbers  with  those  given  for  starch  and  gum  in 
the  preceding  sections,  we  see  that  they  are  almost  identical— so  that 
10 
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cane^^agar  also  cootaiiis  oxygen  and  bydfogea  intheproiioitioiis  to  form 
water,  and  may  likewise  be  represented  by  the  formula  C19  H,,  O,  «• 

2^.  Orape  gugar. — In  the  jaice  of  che  grape  a  peculiar  species  of  su- 
gar exists,  which,  in  the  dried  raisin,  presents  itself  in  the  fimn  of  little 
rounded  grains.  The  same  kind  of  sugar  gives  their  sweetness  to  the 
sooseberry,  the  enrrant,  the  apple,  pear,  pinm,  apriooc,  and  most  other 
uruits.  It  is  also  the  sweet  substance  of  the  chesout*  of  the  breweraT 
wort,  and  of  all  fermented  liquors,  and  it  is  che  solid  sugar  which  floats 
in  rounded  grains  in  liquid  honey,  and  which  increases  in  apparent 
quantity  as  the  honey,  by  keeping,  becomes  moie  and  more  solid. 

Grape  sugar  has  nearly  aQ  the  sensible  characters  of  cane  sugar,  with 
the  exceptkm  of  being  less  soluble  in  water  and  also  less  sweet,<--2  parts 
of  the  latter  imparting  an  equal  sweetness  with  6  of  the  former. 

In  chemical  constitution  they  difier  considerably.  Thus  grape  sugar 
dried  at  250°  F.,  consists  of 

Carbon     .     .     .     40*47  per  cent.,  or  12  atoms. 
Hydrogen     .     .      6-69        ••         or  12      '• 
Oxygen   .     .     .    62-94        *•         or  12      " 

100 

The  oxygen  here  is  still  eight  times  greater  than  the  hydrogen,  and, 
therefore,  m  this  variety  of  sugar  alao,  these  elements  exist  in  the  pro- 
portiona  to  form  water.  But  for  every  12  equivalents  of  carbon,  dry 
grape  sugar  contains  12  of  hydrogen  and  12  of  oxygen.  It  is  conse- 
quently represented  by  Ci,  H, ,  0,a,  and  contains  the  elements  of  two 
atoms  of  water  (Hj,  0^)  more  than  cane  sugar.* 

3°.  Manna  sugar,  sugar  of  liquorice,  Sfc, — Besides  the  cane  and  grape 
sugars  which  occur  in  large  quantity  in  the  juices  of  plants,  there  are 
other  varieties  which  occur  less  abundantly,  and  are  therefore  of  less  in- 
terest in  the  study  of  the  general  vegetation  of  the  globe.  Among  these 
is  manna,  which  partly  exudes  and  is  partly  obtained  by  incisions  from 
certain  species  of  the  ash  tree  which  grow  in  the  warmer  countries  of 
Southern  Europe  (Sicily  and  Italy),  and  in  Syria  and  Arabia.  It  also 
exists,  it  is  said,  in  the  juice  of  the*^  larch  tree,  of  common  celery,  and  of 
certain  trees  which  are  met  with  in  New  South  Wales.  Liquorice  root 
also  contains  a  species  of  hUiek  sugar,  which  is  known  in  this  country 
under  the  names  of  Spanish  and  Italian  juice,  from  the  countries  where 
it  is  grown.  In  the  mushroom  and  other ^tingt  a  colourless  variety,  ap- 
parently peculiar,  has  also  been  met  with,— and  milk  owes  its  sweet- 
ness to  a  species  of  sugar  formed  in  the  interior  of  the  animal  along  with 
the  other  substances  which  the  milk  contains. 

These  several  kinds  of  sugar  diQer  more  or  less,  not  only  in  sensible 
and  chemical  properties,  but  also  in  chemical  constitution,  from  the  more 
abundant  cane  and  grape  sugars — ^but  they  form  too  small  a  part  of  the 
general  products  of  vegetation,  and  areof  ux)  little  consequence  in  practi- 

*  Solotions  of  cane  and  grape  ■onr  are  readllT  ditUngulshed  ttom  each  other  by  the  fol- 
lowing cbemieat  chancters :— 1.  If  the  eolatloa  be  heated  and  a  few  dropa  of  ealphario  acid 
Uiea  added,  eaoe  aogar  wlU  be  deoompoaed,  blackened,  and  made  to  fall  aa  a  black  or  brown 
powder— while  a  aoludon  of  grape  augar  will  at  the  moat  be  only  alighUy  diacoloured.    2.  If; 

inB:eadofaalpbiirloacid,eaaiac  potaah  be  employed,  tiie  mm  eilgaf  wUlbe  w  ^ " 

while  the  grape  augar  will  be  blackened  and  UirowB  down,     uigi  izeu  oy  ^^^^pc  i 
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cal  aKrienkure  to  render  it  neceasary  to  do  more  tbao  Uui«  ahortly  ad- 
vert to  their  exieceoce.* 

§  5*  Mutual  relations  of  woody  fibre^  atarchf  gwn^  and  sugar. 

It  may  be  iaterestine  now  to  consider  for  a  moment  the  mutual  rela- 
tions of  the  several  substances,  woody  fibre,  starch,  gum,  and  sugar- 
above  described^wbicb  occur  so  largely  in  the  vegetable  kingdom,  and 
are  serviceable  to  man  for  so  many  different  purposes.  These  relations 
will  be  best  seen  on  comparing  the  formulae  by  which  they  are  respec- 
tively represented.     Thus— 

WooDT  Fibre    (lignin)    is  represented  by    Cj^  H,     Oa 
CEi«i«ui.Aa  Fibre  (according-  to  Fayen)     by    C ,  j  H ,  ^  O  ] « 
Starch  (dried  at  212°  F.)         by    Cj,  Hi^  Oi^ 

Gun  (any  of  the  3  varieties)  by     Cis   Hio  Oi  o 

CansSuoar        (free  from  water)  by    Cu  Hio  Oio* 

Grape  Sugar      (dried at  130°  F.)  by    Cia  Uia  Oiaf 

In  these  formuls  we  observe— 

1°.  That  the  eqivalents  of  the  oxygen  are  equal  to  those  of  the  hydro* 
gen  in  all  the  formulae,  and,  therefore,  that  all  these  substances  may  be 
supposed  to  consist  of  carbon  and  water. 

2^.  The  formulsB  for  cellular  fibre,  starch,  gum,  and  cane  sufar,  are 
identical.  J%ey  consist  of  the  same  eUmmts  united  together  in  uie  same 
proportions. 

Tills  is  one  of  those  facts  which  not  only  appear  very  remarkable  to 
the  unlearned,  but  are  scarcely  capable  of  bemg  clearly  comprehended 
and  explained,  even  by  those  who  have  most  profoundly  studied  this 
branch  of  natural  science.  Starch  and  sugar«-how  diOierent  their 
properties !  how  unlike  their  uses  I  bow  unequal  their  importance  to  the 
human  race !  yet  they  consist  of  the  same  weights  of  the  same  substances, 
differently  conjoined.  The  skilful  arcbitect  can  put  together  the  same 
proportions  of  the  same  stone  and  cement^aud  the  painter  can  combine 
the  same  colours  so  as  to  produce  a  thousand  varied  impressions  on  the 
sense  of  sight.  In  the  hand  of  Deity  matter  is  infinitely  more  plastic. 
At  His  bidding  the  same  particles  can  unite  in  the  same  quantity  so  as 
to  produce  the  most  unlike  irnpressions-^and  on  aU  our  senses  at  once. 

3^.  A  knowledge  of  the  above  close  relations  in  composition,  among 
a  class  of  substances  occurring  so  abundantly  in  the  vegetable  kingdom, 
imparls  a  degree  of  simplicity  to  our  ideas  of  this  otherwise  complicated 
subject.  It  does  not  appear  so  mysterious  that  we  should  have  woody 
fibre,  and  starch,  and  gum,  and  sugar,  occurring  together  in  variable 
qnantities,  when  we  know  that  they  are  all  made  up  of  tlie  same  ma- 
terials, in  the  same  or  nearly  the  same  proportions— or  that  one  of  these 
should  occasionally  disappear  from  a  plant,  to  be  replaced  in  whole  or 
in  part  by  another. 

*  For  a  lift  ofplaots  from  ivbich  sogar  hea  been  eztruted,  aee  Thomaon'a  OrgaaitChsmi^ 
try  (1838),  p.  647. 

t  CryitsUized  cane  aogar  (sugar  candy)  loaea  6*3  per  c«iL  of  water  In  favomrnUe  efrean* 
■iaaces.  This  to  eqaal  to  one  equivalont  (HO),  oo  that  If  dry  ragar  Ira  G»  Hio  Oia,  cryabUllaed 
•ngvtoCit  Hu  Oil— or  Ots  Hio  OiO+HO,  since  there  to  no  doubt  Uwtlhto  one  equivalent  of 
the  hydrofen  and  oaEygen  eatots  In  crysiaUiaed  sufar  In  the  state  of  water.  In  like  BMaaer, 
crystallised  honey  or  grape  snsar-'^s  it  occnrs  in  honey  or  in  the  dried  jnrape-4ose8  9  per 
CMU.  of  water  when  healed  to  260°  F.  This  to  equal  to  iwo  equivalents  (2HO),  so  that  «ry  » 
talllsed  grape  sugar  to  represented  by  Cu  Hu  Oi4  or  Cts  Bis  OuH^^.'^^d 
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A  further  qaeatbo,  howerer,  arues  in  our  minds.  We  natarally  ask, 
—does  nature,  in  thus  removing  one  of  these  cora pounds,  and  supplying 
iu  place  by  another,  actuallv  form  fhnn  its  elements  the  new  substance 
introduced,  or  does  she  produce  it  by  a  mere  change  or  transformation 
of  those  pieviously  existing.  A  satisfactory  reply  to  this  question  may 
be  derived  from  the  facts  detailed  in  the  following  section. 

§  6.  MtUwd  Iranrfcrmatunu  of  woody  fibre,  «tortA,  gum,  atid  w^ar. 

I.— WOODT  FiaaE. 

1°.  Action  ofheaL^^lf  wood  be  reduced  to  the  state  of  fine  saw-dust,  be 
then  boiled  in  water  to  separate  everything  soluble,  afterwards  dried  by 
a  gentle  heat,  and  then  heated  several  times  in  a  baker*s  oven,  it  will  be- 
come hard  and  crisp,  and  may  be  ground  in  the  mill  into  a  fine  meal.  The 
powder  thus  obtained  is  slightly  yellow  in  colour,  but  has  a  taste  and 
smell  similar  to  the  flour  of  wheat ;  it  ferments  when  made  into  a  paste 
with  yeast  or  leaven,  and  when  baked  gives  a  light  homo^neous  bread. 
Boiled  with  water,  it  yields  a  stiff*  tremulous  jelly,  like  that  from 
starch  (Autenrieth.— Schubler,  Agrieultur  Chemie,  i.,  p.  224.)  By  the 
agency  of  heat,  therefore,  it  appears  that  the  woody  fibre  may  be  changed 
into  starch. 

2^.  Action  ofsulphurie  odcf.— If  to  three  parts  of  the  sulphuric  acid 
of  the  shops  (oil  of  vitriol)  one  part  of  water  be  added,  and  a  portion  of 
delicate  woody  fibre  be  immersed  in  it  for  half  a  minute,  and  the  whole 
then  rubbed  in  a  mortar  with  a  few  drops  of  a  solution  of  iodine— the 
woody  fibre  will  assume  a  blue  colour,  showing  that  it  is  in  part  at  least 
changed  into  starch*  (Schleiden). 

Again,  if  three  parts  of  fine  saw-dust  or  of  fragments  of  old  linen  be 
rubbed  in  a  mortar  with  four  of  the  sulphuric  acid  of  the  shorn  added 
by  dej^rees— it  will,  in  a  quarter  of  an  hour,  be  rendered  completely  so- 
luble m  water.  If  the  solution  in  water  be  freed  from  acid  by  chalk,  and 
then  evaporated,  a  substance  resembling  gum  arable  is  obtained  (Bra- 
connot).  According  to  Schleiden,  the  fibre  may  be  seen  under  the  mi- 
croscope gradually  to  change  from  without  inwards,  first  into  starch  and 
then  into  gum. 

Further,  if  this  gum  be  digested  with  a  second  portion  of  sulphuric 
acid  diluted  with  8  or  10  times  its  weight  of  water,  it  will  be  gradually 
converted  into  grape  sugar ;  or  the  fibre  of  wood  or  linen  may  be  changed 
directly  into  sugar  by  the  prolonged  action  of  dilute  sulphuric  acid. 

3^.  Action  of  potash.^-u  saw-dust  be  mixed  with  from  two  to  eight 
times  iis  weight  of  hydratef  of  potash  and  as  much  water,  and  boiled 
till  a  crust  forms  on  the  surface,  and  if  dilute  sulphuric  acid  be  then  added 
till  the  whole  is  slightly  sour,  the  undestroyed  woody  fibre  will  give  an 

*  It  wUI  b«  recollected  that  atereh  It  duuncterlsed  by  ciTiiif  t  blae  colour  with  t  eolation  of 
lodtee(Beep.  lOT). 

The  simpieet  wmj  of  trying  thte  ezperimeot  le,  to  take  a  quantity  of  clean  cotton— to  wet 
It  with  water,  aqoeesliif  out  again  ae  much  aa  poaalble— then  to  apread  it  oat  upon  a  flat  diah 
and  moialen  It  quickly  and  thoroughly  with  the  add  dihited  aa  above.  After  iiair  a  minute, 
add  the  aolutlon  of  iodine,  ttir  quickly  with  a  glaaa  rod,  and  immediately  add  water,  when 
the  blue  oontpound  of  iodine  and  atarch  will  apeedlly  depoait  itaelf.  -(Bchleiden,  Pog.  AimaL, 
Xliii.,  p.  396.) 

t  Hydnte  of  potaah  la  (he  canitic  anbalance  which  is  obtained  by  bolUnc  common  peari- 

aah  WUh  qUick-Ume.  ugi  izec^oy  ^-^v^^i^ 
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imtaotaneoas  deep  blue  on  the  addiUon  of  iodine*  sbowiog  that  starch 
has  been  formed. 

Woody  fibre,  therefore,  may  be  changed  into  starch,  either  by  the  un- 
aided action  of  heat,  by  that  of  sulphuric  acid,  or  by  boiiiug  with  caustic 
potash, — ^and  the  starch  thus  produned  may  be  further  transformed,  first 
into  gum  and  then  into  grape  sugar,  by  the  prolonged  action  of  dilute 
sulphuric  acid,  assisted  by  a  moderate  heat. 

II.   STABCH. 

1^.  Action  of  Aea^— When  flour,  potato,  or  arrow-root  starch  is 
spread  out  upon  a  tray,  then  introduced  into  an  oven  and  gradually 
heated  to  a  temperature  not  exceeding  300^  F.,  it  slowly  changes,  ac- 
quires a  yellow  or  brownish  tint  according  to  the  temperature  employed, 
and  becomes  entirely  soluble  in  cold  water.  It  is  changed  into  gum* 
Under  the  names  of  starch-gum,  or  British-gum,  this  substance  is  large- 
ly manufactured  in  this  country,  and  is  successfully  substituted  for  gum 
arable  by  the  calico -printers  in  thickenins  many  of  their  colours.* 

The  gum  thus  prepared  not  unfrequently  also  possesses  a  sweet  taste, 
from  the  further  change  of  a  portion  of  the  gum  into  sugar. 

2°.  Action  of  water, — When  starch  is  dissolved  in  boiling  water,  and 
is  then  allowed  to  stand  in  the  cold  either  in  a  close  vessel  or  exposed  to 
the  air,  it  gradually  changes  into  gum  or  sugar.  The  process,  however, 
is  slow,  and  months  must  elapse  before  the  whole  of  the  starch  is  thus 
spontaneously  transformed  in  the  presence  of  water  (De  Saussure).  It 
takes  place  more  rapidly  when  starch  and  water  are  boiled  together  for 
a  length  of  time. 

3°.  Auction  of  sulphuric  acid, — From  what  has  been  already  stated  in 
regard  to  the  action  of  this  acid  on  woody  jfibre  it  will  readily  be  supposed 
that  native  starch,  of  any  variety,  is  likely  to  undergo  transforuiation 
when  subjected  to  its  influence. 

In  reality,  if  50  parts  of  starch,  12  of  sulphuric  acid,  and  139  of  water 
be  taken,  and  if  the  starch  be  thoroughly  moistened  with  a  portion  of  the 
water,  and  then  poured  into  the  mixture  of  the  acid  with  the  remainder 
of  the  water,  and  heated  to  190°  F.,  the  starch  will  be  entirely  convert- 
ed into  gum.  By  further  and  more  prolonged  heating  this  gum  is 
changed  into  grape  sugar.  The  gum  or  sugar  may  be  obtained  in  a 
separate  state  by  adding  to  the  solution  either  chalk  or  lime,  which  will 
combine  with  and  carry  down  the  acid.f  One  hundred  pounds  of  starch 
treated  in  this  way  will  yield  from  105  to  122  lbs.  of  dry  grape  sugar. 

The  rapidity  with  which  this  transformation  takes  place  depends 
partly  upon  the  temperature  and  partly  upon  the  proportion  of  acid  em- 
ployed. Thus  100  lbs.  of  starch  mixed  with  600  of  water  and  10  of 
sulphuric  acid,  will  be  converted  into  grape  sugar  by  boiling  for  seven 
hours.  If  by  increasing  the  pressure  the  temperature  be  raised  to  250° 
F.,  the  transformation  will  be  effected  in  a  few  minutes.    With  only  one 

*  Daring  the  baklnc  of  bread  this  corversion  of  starch  into  gum  takes  place  to  a  consider* 
able  extent.  Thns  Vogel  found  that  flour  which  contained  no  gum  gave,  when  baked,  a 
bread  of  which  18  per  cent.,  or  nearly  one  fifth  of  the  whole  weight,  consisted  of  gum. 
Thus  one  of  the  effecuof  baking  is  to  render  the  flour-starch  more  soTuble,  and  therefore  (1) 
more  eamly  digestible. 

t  It  forms  gypmm  with  it  (sulphate  of  Ume)  which  la  a  eompoond  of  Ifane  and  aulphurio 
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pound  of  acid  and  the  same  quantity  of  starch  and  water,  the  chance 
will  be  eflected  in  three  hours  by  a  temperature  of  230^  F.  This  mode 
of  converting  potato  starch  into  grape  sugar  is  said  to  be  extensively 
practised  in  France,  for  the  purpose  of  subsequently  fermenting  the 
sugar  and  converting  it  into  brandy. 

HI.   GUM. 

Action  ofnUphurie  acid. — If  powdered  gum  arable  be  rubbed  in  a 
mortar  with  the  sulphuric  acid  of  the  shops,  a  brownish  solution  is  ob- 
tained, which,  when  diluted  with  water  and  treated  with  chalk,  yields  a 
gummy  substance  similar  to  that  obtained  in  the  same  way  from  starch 
and  woody  fibre.  Prolonged  digestion  with  diluted  acid  converts  a  por- 
tion of  this  gum  into  sugar.— [Beraalius,  TraitS  de  Chemie,  (1831),  v., 
p.  217.] 

IV.— CAXK  SUGAR. 

1°.  Action  of  heat. — When  crystallized  cane  sugar  is  heated  to  320° 
F.  it  melts,  and  if  the  temperature  be  raised  to  360^  F.  it  gives  off  two 
atoms  of  water  and  is  changed  into  caramel.  This  caramel  is  an  un- 
ctystallizabio  sugar,  which  is  generally  present  in  artificial  syrups,  and 
is  often  of  a  brownish  colour.  It  contains  the  elements  of  an  atom  of 
water  less  than  cane  sugar,  and  is  represented  by  C,,  H,  Og.  It  is 
not  known  to  occur  in  the  natural  juices  of  plants. 

2°.  Action  of  sulphuric  acid. — When  cane  sugar  is  digested  with  di- 
lute sulphuric  acid,  aided  by  a  gentle  heat,  it  is  rapidly  converted  into 
grape  sugar.  The  acid  of  grapes  (tartaric  acid)  and  many  other  vege- 
table acids  produce  a  similar  change. 

It  is  obvious  that  this  conversion  of  cane  into  grape  sugar  can  only 
take  place  in  the  presence  of  water,  inasmuch,  as  has  already  been 
shown  (p.  110),  grape  sugar  contains  the  elements  of  two  atoms  of  water 
more  than  cane  susar,  or 

Ome  mgftf.  Water.         Drr  gnp«  tanr. 

C„H,,0,.  +  2H0  =  C„iI,,0„. 

We  may  revert  now  to  the  question  with  which  we  concluded  the 
preceding  section.  Since  these  different  substances  are  so  closely  allied 
m  chemical  constitution,  and  occur  so  often  in  connection  with  each 
other  in  the  vegetable  kingdom,  does  nature,  when  her  purposes  demand 
the  change,  actually  transform  them,  the  one  into  the  other,  in  the  inte- 
rior of  the  plant  ?  The  answer  may  now  be  safely  given,  that  she  cer- 
tainly does.  What  we  can  so  readily  perform  by  our  rude  art  may  be 
still  more  easily  eflfected  in  the  living  vegetable.  That  which  is  starch 
or  gum  in  one  part  of  the  plant,  may  become  cane  or  grape  sugar  in 
another,  and  woody  fibre  in  a  third.  Thus  by  re-arranging  the  same 
kind  and  quantity  of  the  several  elements,  may  the  various  and  unlike 
forms  of  matter  which  constitute  the  main  products  of  vegetation  be 
readily  produced. 

Still  the  facility  is  only  apparent.  We  can  assure  ourselves  of  the 
fact  of  such  conversions,  because  we  can  at  will  induce  them.  But  who 
operates  upon  these  substances  in  the  interior  of  the  plant  ?  Whose 
mind  and  will  directs  these  changes — prescribing  when,  where,  and  in 
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what  order  they  shall  take  place?  How  much  depends  upon  the  re- 
fined and  liule  understood  mechanism  of  the  vegetable  structure— how 
much  on  the  living  principle  itself!  What  is  this  living  principle^ 
how  can  it  direct  \* 

§  7.  Oftkefermentatum  of$tarch  and  sugar-'^and  of  the  rdative  drcum- 
stances  under  which  cane  and  grape  sugars  generally  occur  in  nature. 
It  will  be  of  use  to  us,  in  connection  with  the  above  transformations, 
to  advert  to  the  property  possessed  by  starch  and  nearly  all  the  known 
varieties  of  sugar  of  entering  into  iermentation  under  favourable  cir- 
cumstances. When  flour  is  made  into  a  paste  with  leaven  or  yeast  it 
begins  to  rise  and  ferment,— sooner  or  later,  according  to  the  kind  of 
flour  and  the  quantity  of  ferment  added.  When  to  a  decoction  of  malt 
or  to  a  solution  of  starch  or  of  cane  or  grape  suaar  in  water,  a  portion  of 
yeast  is  added,  fermentation  is  speedily  induced ;  and  if  not  arrested  by 
unfavourable  circumstances  it  will  continue  until  the  whole  of  the 
starch  or  sugar  disappears. 

In  aU  (hue  cases  it  is  grape  sugar  alone  that  undergoes  fermentation. 
[Rose,  Poggen.  Annal.,  lii.,  p.  297.]  The  starch  of  the  moist  dough  or 
of  the  solution  ia  partially  transformed  into  grape  sugar  before  fermenta- 
tion commences.  Such  is  the  case  also  with  the  decoction  of  malt  luid 
with  cane  sugar.  The  fermentation  commences  soon  after  the  first  por- 
tion of  ffrape  sugar  is  formed,  and  proceeds  more  or  less  rapidly  accord- 
ing as  this  transformation  is  more  or  less  speedily  effected.  Hence,  in 
the  art  of  brewing,  the  necessity  of  cautiously  regulating  the  tempera- 
tore  by  which  this  change  of  the  starch  and  sugar  is  promoted  and  nast- 
ened. 

The  fermentation  itself  is  tlie  result  not  of  a  mere  transformation  of 
one  form  of  matter  into  another  having  the  same  elementary  constitu- 
tion, but  of  a  decomposition  of  one  substance  into  two  others  unlike  itself 
either  in  properties  or  in  chemical  composition.  The  grape  sugar  is  re- 
solved into  alcohol  (spirits  of  wine),  which  remains  in  the  liquid,  and  into 
carbonic  acid,  which  escapes  in  the  form  of  cas  and  causes  the  fermen- 
tation. Thus  alcohol  being  represented  by  C4  He  Oj,  and  carbonic  acid 
by  CO,. 

2  of  alcoh<d  =:  Ca  H,s  O4  and 

4  of  carbonic  acid         =  C4  Og  make  up 

1  of  grape  sugar  =C,,H,,Oj,. 

It  is  an  interesting  fact  that  the  cane  and  grape  suprs  occur  in  na- 
tura  in  cirenmstances  which  are  entirely  consistent  with  the  statement 
in  the  preceding  section,  regarding  the  action  of  acids  on  the  former 
variety  of  this  natural  product.  Fruits  contain  grape  sugar,  which  in- 
creases in  quantity  as  they  ripen  or  become  less  sour.  In  the  sugar 
cane,  the  beet  root,  and  the  maple  and  birch  trees,  cane  sugar  exists, 
but  in  their  luices  no  acid  is  associated  with  the  sugar.  On  the  contra- 
ry, ammonia  is  known  to  be  present  in  most  of  them  along  with  the 
cane  sugar.  Hence  it  is  inferred,  that  as  in  our  hands  and  in  our  exper- 
iments cane  sugar  is  changed  by  the  agency  of  acids  into  grape  sugar,  and 

*  <*OHmilkool»rsCKndaiicaiidoiitGod-M3HMtClionaodoQi  Uie^ 
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with  remarkable  ease  by  that  acid  which  eiitts  in  the  ripe  grape*  ao  it  is 
in  the  interior  of  plants.  Where  sugar  occurs  in  connection  with  an  acid 
in  the  juice  of  a  plant,  it  is  grape  sugar  in  whole  or  in  great  part,  be- 
cause in  the  presence  of  an  acid  body  cane  sugar  cannot  pernoanently  ex- 
ist,  but  is  gradually  traosfornied  into  the  sugar  of  grapes.  It  thus  ap- 
pears also  why  fruits  so  readily  enter  into  fermentation,  and  why,  even 
when  preserved  with  cane  sugar,  they  will,  in  consefiuence  of  the  acid 
they  retain,  slowly  change  the  latter  into  grape  sugar,  and  thus  induce 
fermentation.* 

§  8.  Cy  sub$tancc$  tohich  contain  Nitrof^en^^OltUen,  FegeiabU 
Albumen,  and  Diastase, 

The  substances  described  in  the  preceding  sections  consist  of  carlion, 
hydrogen,  and  oxyeen  only,  and  of  them  the  great  bulk  of  the  vegeta- 
ble productions  of  toe  globe  consists.  But  there  are  certain  other  sub- 
stances occurring  along  with  starch  and  snear,  into  which  nitrogen  enters 
as  a  constituent,  and  which,  though  not  formed  in  the  vegetable  king- 
dom in  very  large  quantity,  are  yet  of  such  interest  and  importance  in 
other  respects,  as  to  make  it  necessary  shortly  to  advert  to  them. 

1^.  G/u/^».— When  the  flour  of  wheat  is  made  into  a  dough,  and  this 
dough  is  washed  with  water  upon  a  fine  sieve,  a  milky  liquid  passes 
through,  from  which  starch  gradually  subsides.  This  has  been  already 
stated.  But  on  the  sieve,  when  the  water  ceases  to  go  through  milky, 
there  remains  a  soil  adherent,  tenacious,  and  elastic  substance,  which 
can  be  drawn  out  into  long  strings,  has  scarcely  any  colour,  taste,  or 
smell,  and  is  scarcely  diminished  by  wasbios  either  with  hot  or  with 
cold  water.  This  substance  is  the  gluten  o^  wheat.  The  flour  of  other 
kinds  of  grain  also  yield  it  bv  a  similar  treatment*  though  generally  in 
much  smaller  quaouty.    This  appears  from  the  folbwing  table  :*— 

The  grain  of 

Wheat  contains  6  to  35  per  cent,  of  gluten. 
Rye  ....  9  to  13        "  " 

Barley   ...  3  to    6        ••  " 

Oats  ....  2  to    5        «*  " 

When  the  moist  gluten  is  dried  in  the  air  or  at  the  temperature  of 
boiling  water,  it  diminishes  much  in  bulk,  and  hardens  into  a  brittle 
semi-transparent  yellow  substance  resembling  horn  or  glue.  In  this  state 
it  is  insoluble  in  water,  but  dissolves  readily  in  vinegar,  in  alcohol  either 
cold  or  hot,  and  in  solutions  containing  caustic  potash,  or  soda,  [the 
common  pearl-ash  or  soda  of  the  shops  boiled  with  quick-lime.] 

2°.  Vegetable  Albumen,^To  the  white  of  egg  the  name  of  albumen 
(albttSt  while)  has  been  given  by  chemists.  It  }K)Ssesses  the  well  known 
property  of  coagulating  or  of  forming  a  white  solid  insoluble  subsunce. 
when  it  is  heated  either  alone  or  after  being  mixed  with  water. 

When  the  starch  has  subsided  from  the  milky  liquid  which  passes 

'  Milk  alio,  in  favourable  drcamtUinces,  a«  when  kept  at  a  temperatare  of  KXP  F..  im* 
dergoes  fermentation,  and  in  some  countriet  of  Atla  a  spiritaout  Iiqaor  Is  prepared  Irom 
mares*  and  aatea*  milk.  In  this  case  the  milk  lint  becomea  soar,  then  the  add  tbos  form- 
ed cooverta  the  milk  aqgar  into  grape  augar,  and  finally  this  sugar  entera  into  fermenta^ 
tlon.  This  takes  place  more  readily  in  consequence  of  the  presence  of  the  decompoainc 
cheesy  matter  (caaein)  of  the  milk—as  ie  shown  by  the  fact  that  the  introdaction  of  a  small 
qvaottty  of  the  eard  of  milk  Inio  a  soluilon  of  grape  eiigar  will  eaoM  It  to  foimeiit. 


GLUTEN,  VCaXTABLB  ALMnOlT,  AVD  DIA8TA8S.  117 

thfOQgb  the  sieve  in  preparioff  the  gluteo  of  wheat,  the  water  rests  trans* 
parent  and  colourless  above  the  white  sediment.  If  this  water  be  heated, 
It  will  become  more  or  less  troubled,  and  white  films  or  partieles  will 
separate,  which  may  be  easily  collected,  and  which  possess  all  the  pro- 
perties of  coagulated  albumen,  or  boiled  white  of  egg.  To  this  sub- 
stance the  name  of  vegetable  albitmen  has  been  given.  When  the  fresh 
prepared  gluten  of  wheat  is  boiled  in  alcohol  a  portion  of  albumen  gene- 
rally remains  undissolved,  showing  that  water  does  not  completely  wash 
it  out  from  the  gluten. 

Vegetable  albumen,  when  fresh  and  moist,  has  neither  colour,  taste, 
nor  smell,  is  insoluble  in  water  or  alcohol,  but  dissolves  in  vinegar  and 
in  caustic  potash  or  soda.  When  dry  it  is  biittle,  more  or  less  coloured, 
and  opaque.  In  the  seeds  of  plants,  it  exists  only  in  small  quantity— 
thus  the  grain  of 

Wheat  contains  t  to  1^  per  cent. 
Rye      ...     2  to  3|        *• 
Barley  .     •     •  iV  ^    i        " 
Oats      .     .     .    j  to    S        ** 
It  occors  more  largely  however  in  the  fresh  juices  of  plants,  in  those 
of  cabbage  leaves,  turnip  loots,  and  many  others.     When  these  juices 
are  heat^  the  albumen  coagulates  and  is  readily  separated. 

Gluten  and  vegetable  albumen  appear  to  be  as  closely  related  as  sugar 
and  starch  are  to  each  other.     Like  these  two  sobetancee,  they  consist 
of  the  same  elements,  united  together  in  the  same  proportions,  and  are 
capable  of  similar  mutual  transformations.     According  to  the  most  re- 
cent analyses,  those  of  Dr.  Scheerer,  they  consist  of 
Carbon         =  64-76 
Hydrogen    ==     7-06 
Oxygen        =  20-06 
Nitrogen       =  18-12 
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When  exposed  to  the  air  in  a  moist  state  these  substances  undergo  de- 
composition. They  ferment,  emit  a  most  disagreeable  odour,  and  pro- 
duce, among  other  compounds,  vinegar  and  ammonia. 

The  important  influence  which  gluten  and  vegetable  albumen  are 
supposed  to  exercise  over  the  nourishing  properties  of  tbe  different  kinds 
of  food  in  which  they  occur,  will  be  considered  in  a  subsequent  part  of 
these  lectures.* 

3°.  J>u»(a<«.— When  cold  water  is  poured  upon  barley  newly  malted 
and  crushed,  is  permitted  to  remain  over  it  for  a  quarter  of  an  hour,  is 
then  poured  ofiT,  filtered,  evaporated  to  a  small  bulk  over  boiling  water, 
again  filtered  if  necessary,  and  then  mixed  with  much  alcohol,  a  white 
tasteless  powder  falls — ^to  which  the  name  oi  diastase  has  been  given. 

*  There  oecar  In  the  uitmal  kiogdom— f  n  the  bodieB  of  anlnuito— three  other  forms  of  the 
■abalanee  above  described  ander  the  names  of  triuten  and  vegetable  albumen.  These  are 
altnunen  or  white  of  egr,  already  mentioned,— «atelii,  the  card  of  cheese,— and  Jibriu,  tbS 
mlwtance  of  the  mascmar  fibre  of  animals. 
.  19.  OiseJn.->When  the  card  of  cheese  is  well  washed  with  water,  and  then  boiled  in 
alcohol  to  free  it  from  oIIt  mauer,  K  forms  the  casein  of  chemists.  While  moist  it  is  soft 
and  eoloartesB,  bnt  as  it  dries  it  hardens,  assumes  a  yeQow  colour,  and  becomes  semitnow- 
parent.    Btwi  wlien  nolat  tt  Is  perfeedy  liMoloble  eltlMf  In  cold  or  in  hoi  water.    Itisnota- 


118  VaODOCTIOll  OJP  DUf  TAtft. 

If  unmalted  barley  be  so  treated  no  diastase  is  obtained.  Tfak  sub- 
stance, iherefiire,  u  firmed  during  the  procese  of  mdUing, 

If  wheat,  or  barley,  or  potatoes,  wbico  by  steeping  in  water  yield  no  di- 
astase,  be  made  to  ffenninate  (or  spioat),  and  be  allerwards  bruised  and 
treated  as  above,  diastase  will  be  obtained.  It  is  therefore  produced 
during  germmatioH. 

If  toe  sboot  of  a  potato  be  cut  off  within  half  an  inch  of  its  base,  this 
lower  portion,  with  the  part  of  the  potato  to  which  it  is  immediately  at- 
tached, sepamted  from  uie  rest— and  the  three  parts  (the  upper  portion 
of  the  shoot — the  lower  portion  with  its  auached  fragment  of  poiaio— 
and  the  remaining  mass  of  the  potato^  treated  with  water,— ^nly  that 
portion  will  yield  diastase  in  which  tne  base  of  the  shoot  is  situated. 
When  a  seed  sprouts,  therefore,  thU  substance  is  firmed  at  the  base  of 
the  gsrmt  and  tnere  remains  during  its  growth. 

It  the  same  portion  of  the  potato,  or  u  the  grain  of  barley  or  wheat  is 

ble,  bow«Ter,  In  WMter  eontainlnf  vioegw,  or  to  which  a  Unle  outonate  of  potMih  or  sodft 
hM  boeo  added.  It  may  bo  kept  for  any  lenftb  of  Uma  la  a  dry  place,  wiiboui  underfoiof 
decay.  The  chaogea  nndervoae  by  old  cheeae  are^ielly  due  to  ihe  oily  and  other  aob- 
«laiioe«  with  which  the  6«rd  ia  mixed.  It  haa  been  reimarked,  Uwt  when  the  cloieo  of  wheat 
la  left  for  a  lenith  of  time  in  a  moiat  atate  it  undeixoea  a  kind  of  fenBeniatloi  and  gfaduaUy 
aicqulrea  the  amell  and  taate  of  cheeae  (Rooelle.) 

7>.  #V6rtM.'When  lean  beef  or  motton  la  fong  waahed  In  wal«r  till  it  beconea  ookNufew, 
•Bd  la  then  boiled  in  alcohol  to  aeparate  the  fat,  a  colourleaa,  elaadc,  fibroue  maaa  ia  obtained, 
which  ia  the  fibrin  of  chemiau.  In  receoilv  drawn  blood  it  eziata  In  the  liquid  elate,  but  coe- 
■ulaiea  apontaneooaly  when  ezpoeed  to  the  air,  and  forma  the  areater  part  of  itio  ehi  of 
blood,    it  diaeolvee  In  a  aolutlon  of  cauatic  potaah  or  of  niire.  and  in  vinegar. 

2P.  Albumen.— ThiM  aubatance  In  the  liquid  atate  ezlsta  in  the  white  of  egir,  and  in  the 
■erum  of  the  blood.  It  coaf  ulatea  by  healing  to  i60<>  F ,  or  if  prevfoualy  mixed  wtth  water 
byraiaingto2l2<'P. 

Theae  three  aubataocea,  In  addition  to  their  well  cnown  aenaible  properUea,  are  dialin> 
guiahed  aa  followa : 

i<>.  Liouid  eatein  in  milk,  ia  not  coagulated  by  heating  ofefie— the  addltkm  of  reaDOl  orof 
a  little  acid  (vinegar  or  aplrit  of  aalt)  la  neceaaary,  when  It  eurdtea  readily. 

99.  Liquid  atbumen  In  white  of  egg,  coagulatea  by  heat  alone,  aa  when  an  egg  la  put  into 
hot  water. 

^.  Liouid  JiMn  bi  Ihe  blood  coagnlatea  by  mere  expoaure  to  the  air,  or  more  lapMly  by 
agitaUonlnconuawlthUiealr. 

Like  aiareh  and  augar  tlieae  three  aobetancea  are  motually  converUble  by  known  meana. 
Thuajf6rdi,lf  unboiled,  diaanlvea  by  digeailon  at  80^  P.  In  a  natnrated  soluiloo  of  ninre,  and 
acauirea  ihe  propertiea  of  Uguid  albunun;  and  if  to  Utptid  albumm  a  tittle  cauatic  potaah  be 
added,  and  alterwarda  mucn  alcohol,  it  will  be  thrown  down  in  the  form  and  wlih  the  pio* 
pertiea  of  enaetn. 

All  theae  aubalancea  appear  to  contain  the  aame  organic  conatltaenta  in  the  aame  propor^ 
tkma. 

BoiiaainnttU  flnt  ahowed  the  identity  in  chemical  conatitution  of  gluten  and  vegetable  al. 
bumen.--[Pog.  An.,  zl.,  p.  263.]  Mulder  afterwarda  proved  a  aimilar  identitv  between  vege- 
table albumen  and  the  white  of  en,  fibrin,  and  caaein.— {Ann.  de  Chim.  et.  cie  Phya.,  Izv.,  p. 
801.]    Mulder  auppcaea  them  to  diner  from  each  other  by  the  preaence  in  unlike  qnaBtiUea 


of  a  email  admixture  of  aulphur,  phoaphorua  or  phoaphate  of  lime. 

Thoae  who  are  not  familiar  wlih  the  niatory  and  with  the  nature  of  chemical  reaearch,  can 
Ibnn  no  Idea  of  the  time  and  laboar  which  haa  by  different  chemiata  been  expended  on  ihia 
one  branch.  The  peraeveriiw  industry  of  Dr.  Mulder,  of  Rotterdam,  appeared  to  liavo 
cleared  up  the  entire  aubject  by  a  long  aertea  of  Inveatl^tions  and  analvsea,— {for  an  out- 
line of  hia  reeulta.  aee  Benselioa  AraberibUeae,  1839,  p.  61 1,}— when  firai  Vogel.  then  Proaper 
Denia,  and  laieat  Liebig  and  Dr.  Bcheerer,  have  arrived  at  different  reault*.  Our  Ideaa  are 
thua  again  unfixed,  and  our  partial  generallzaliona  aet  aalde  for  future  emendation. 

The  anaiyaia  Inaerted  in  the  text,  aa  repreaentlng  the  compoaiifon  of  cloten  and  vegeCable 
albomen,  ia  thai  given  by  Dr.  Scheerer  for  the  pureat  form  of  Jlbrin.  I  have  aelected  it  in 
preference  to  the  reaulta  either  of  Bouaalncault  orof  Mulder,  becauae  it  ia  the  moat  recent, 
and  haa  been  obtained  with  a  knowledge  or  all  the  provioua  reaearchea,— and  aaauming  the 
ehemical  Identity  of  this  entire  group  o(  aobaUncea.  ia  the  moat  likely  to  repreaent  their 
oonaUtutioo  with  accuracy.  It  diftera  from  the  anaiyaia  of  Mulder  oniy  in  elating  the  nllro- 
gen  at  2  per  cent,  higher  than  wee  done  by  that  chemist  Ttie  recent  Improvementa  In  the 
mode  of  determining  the  true  quantity  of  nitrogen  in  organic  subatancea,  appear  to  Juatif/ 
w  ill  axpectingthe  reaultof  ISchearwr to  be  tnthiareapoa  the  mora  Goneot 
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ezamiDed,  when  the  first  true  leares  of  the  plant  have  been  fully 
formed  and  ezpanded»  the  diastase  will  be  Ibund  to  have  in  great  part, 
if  not  entirely,  disappeared.  This  substance,  therefore,  is  first  formed 
when  the  seed  begins  lo  sprout,  performs  a  function  which  makes  its 
presence  necessary  at  the  base  of  the  germ,  and  which  function  being 
discharged  when  the  true  leaves  are  formed,  it  then  disappears.  What 
is  the  nature  of  this  temporary  function,  why  the  diastase  must  reside  at 
the  base  of  the  sprout  in  order  to  discharge  it,  and  why  it  should  so  early 
cease,  will  appear  from  a  detail  of  the  properties  of  this  singular  sub- 
stance. 

ProperUes  of  diastase.'^U  the  solution  obtained  from  malt  be  digested 
with  potato,  flour,  or  other  starch,  at  a  temperature  between  120^  and 
140°  F.,  the  latter  will  f[:radually  dissolve  and  will  form  a  colourless 
transparent  solution.  When  this  solution  is  carefully  evaporated  a  yel- 
lowish white  powder  is  obtained,  perfectly  soluble  in  water,  to  which 
the  name  of  dextrine  has  been  given,  [because  its  solution  turns  to  the 
right  a  ray  of  polarized  light  when  passed  through  it.]  This  dextrine 
has  the  same  composition  as  starch.  It  is  merely  starch  changed  or 
transformed  in  such  a  way  as  to  become  soluble  in  cold  water,— a 
change  analogous  to  that  which  it  undergoes  by  simply  boiling  in  water. 

Bat  if  the  cSsestion  be  continued  after  the  starch  \a  diasolv^,  the  so- 
lution will  gradually  acquire  a  sweet  taste,  and  if  it  be  now  evaporated 
■it  will  yield,  instead  of  dextrine,  a  mixture  of  gum  and  grape  sugar. 
And  if  the  digestion  be  still  further  prolonsed,  the  wlmle  of  the  staroh 
will  be  converted  into  grape  sugar  only.— [See  above,  §  6,  p.  113.] 

Thus  diastOBe  (like  sulphuric  acid)  possesses  the  property  of  trans- 
forming starch  entirely-^first  into  gum,  and  then  into  grape  sugar.  The 
intermediate  stage  of  dextrine  has  not  been  recognized  in  the  action  of 
sulphuric  acid,  nor  is  it  easy  to  arrest  the  action  of  diastase  exactly  at 
this  point— the  most  carefully  prepared  dextrine  always  containing  a 
mixture  of  gum  and  sugar.  One  part  of  diastase  will  convert  into  sugar 
2000  parts  of  starch. 

A  solution  of  diastase,  when  allowed  to  stand,  soon  undergoes  decom 
position,  and  after  being  boiled,  it  has  no  further  effect  upon  starch.    It 
has  not  been  analysed,  because  it  is  difficult  to  obtain  it  in  a  pure  state. 
It  contains  nitrogen,  however,  for,  when  moistened  and  exposed  to  the 
air,  it  decomposes,  and,  among  other  products,  yields  ammonia.* 

The  functions  of  diastase— one  of  the  purposes  at  least  for  which  it  is 
produced  in  the  living  seed,  and  situated  at  the  base  of  the  germ—- will 
now  be  in  some  measure  understood.  The  starch  in  the  seed  is  the  food 
of  the  future  germ,  prepared  and  ready  to  minister  to  its  wants  when- 
ever heat  and  moisture  concur  in  awakening  it  to  life.  But  starch  is  it- 
self insoluble  in  water,  and  could  not,  therefore,  accompany  the  fluid  sap 
when  it  begins  to  move  and  circulate.  For  this  reason  diastase  is 
formed  at  the  point  where  the  germ  first  issues  from  the  mass  of  food. 
There  it  transforms  the  starch,  and  renders  it  soluble,  so  that  the  young 
vessels  can  take  it  up  and  convey  it  to  the  point  of  growth.  When  the 
starch  is  exhausted  its  functions  cease.     It  is  then  itself  transformed  and 

*  It  win  IM  reeoUeeCed  Uiat  •mmontai  coDtaiiw  uUrogeD,  being  repreieotad  b/  NII3. 
Lac4iira  m.,  pi  61. 
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carried  into  the  general  circulation.  Or  when,  as  in  the  potato,  much 
more  starch  is  present  thaolb  in  many  cases  requisite,  its  function  ceaees 
long  before  the  whole  of  the  starch  disappears.  Its  presence  is  necessa- 
ry only  until  the  leaves  and  roots  are  fully  formed^when  the  plant  is 
enabled  to  provide  for  itself,  and  becomes  independent  of  the  starch  of 
the  seed.  When  this  period  arrives,  therefore,  the  production  of  dias- 
tase is  no  longer  perceived. 

This  I  have  said  is  one  of  the  purposes  which  appears  to  be  served  by 
diastase  in  the  vegetable  economy.  That  it  is  the  only  one  we  have  no 
reason  to  believe.  There  may  be  others  quite  as  interesting  which  we 
do  not  as  vet  understand.  This  is  rendered  more  probable  by  the  fact 
that  the  diastase  contained  in  one  pound  of  malted  barley  is  capable  of 
converting  into  sugar  five  pounds  of  starch.*  (Liebig.)  And  though 
at  the  temperature  at  which  the  seed  germinates,  more  of  this  substance 
may  be  necessary  to  transform  the  same  weight  of  starch  than  is  re- 
quired in  our  hands,  when  aided  by  artificial  heat,— yet  as  we  never  in 
the  ordinary  course  of  mature  find  any  thing  superfluous  or  going  to 
waste,  there  is  reason  to  believe  that  the  diastase  may  be  intended  also 
to  contribute  directly  to  the  nourishment  and  growth  of  the  plant.  As 
it  contains  nitrogen,  it  must  be  derived  from  the  gluten  or  vegetable  al- 
bumen of  the  seed ;  and  as  a  young  plant  of  wheat,  when  already  many 
inches  from  the  ground,  contains  no  more  nitrogen  than  was  onginally 
present  in  the  seed  itself  (Boussingau It),  this  diastase  may  only  be  the 
result  of  one  of  those  transformations  of  which  gluienf  is  susceptible, 
and  by  which  it  is  rendered  soluble,  and  capable  of  aiding  in  the  pro- 
duction of  those  parts  of  the  substance  of  the  growing  plant  into  which 
nitrogen  enters  as  a  necessary  constituent. 

It  may  not  be  uninslructive  if  we  pause  here  for  a  moment  and  con- 
sider the  beauty  of  the  arrangements  we  have  just  been  describing.  In 
passing  through  a  new  and  interesting  country  we  do  not  hesitate,  at 
times,  to  stop  and  gaze,  and  leisurely  admire.  We  cannot  otherwise 
fully  realize  and  appreciate  its  beauty.  So  in  the  domains  of  science, 
we  cannot  be  ever  hurrying  on— we  must  linger  occasionally,  not  only 
that  we  may  more  carefully  observe,  but  that  we  may  meditate  and 
feel. 

You  see  how  bountifully  nature  has  provided  in  the  seed  for  the  noor- 
xsKment  of  the  young  plant,  how  carefully  the  food  is  stored  up  for  i;, 
and  in  how  imperishable  a  form-^how  safely  covered  aW)  and  protected 
firom  causes  of  decay  I  For  hundreds  of  years  the  principle  of  life  will 
lie  dormant,  and  for  as  many  the  fund  will  remain  sound  and  undimin- 
ished till  the  time  of  awakening  comes.  Though  buried  deep  in  the 
earth,  the  seed  defies  the  exenions  of  cold  or  rain,  for  the  food  it  contains 
is  unaffected  by  cold  and  abaolutely  insoluble  in  water.     But  no  sooner 

'  It  Is  the  diasfaso  In  malt  which  dlMolvcs  th<>  starch  of  the  barley  In  the  proceasof  brew. 
itigy  but  as  the  diastase  contained  in  malt  is  sufficient  to  dissolve  so  iarce  a  quantity  of  starch, 
It  to  obriously  a  waste  of  labour  to  mair  the  whole  of  the  bariey  employed.  One  of  malt  to 
three  of  barley  would  probably  be  sufllcienl  in  most  cases  to  obtain  a  wort  conlaloing  the 
whole  of  the  starch  in  solution.  Advantage  is  fak«n  of  this  property  in  the  manufacture  of 
the  white  beer  of  Louvaia,  and  of  other  places  In  Flanders,  and  In  Germany,  where  the  light 
colour  to  secured  by  adding  a  large  quanUty  of  flour  to  a  decoction  of  a  small  quanUty  of 
barley.  ' 

t  That  duM/ose  to  merely  tramformed  gluten  we  cannot  say,  bocauae  tbs  exact  chemical 
consUtntion  of  dtostase  to  aa  yet  unknown.  ^^  j 
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is  the  sleeping  germ  recalled  to  life,  by  the  access  of  air  aod  warmth 
aod  duly  tempered  moisture,  than  a  new  agent  is  summoned  to  its  aid, 
and  the  food  is  so  changed  as  to  be  rendered  capable  of  ministerin£  to  its 
early  wants.  The  first  movement  of  the  nascent  germ^(and  now  it 
moves,  by  what  inherent  or  impartial  force,  who  shall  discover  to  us  ?) 
—is  the  signal  for  the  appearance  of  this  affent— diastase— of  which, 
previous  to  germination,  no  trace  could  be  discovered  in  the  seed.  At 
the  root  of  uie  germ,  where  the  vessels  terminate  in  the  farinaceous 
matter,  exactly  where  it  is  wanted,  this  substance  is  to  be  found ;— there, 
and  there  only,  resolving  and  transforming  the  otherwise  unavailable 
store  of  food,  and  preparing  it  for  being  conveyed  either  to  the  ascending 
sprout  or  to  the  descending  root.  And  when  the  necessity  for  its  pre- 
sence ceases— when  the  green  leaf  becomes  developed,  and  the  root  has 
fairly  entered  the  soil^when  the  plant  is  fitted  to  seek  food  for  itself— 
then  this  diastase  disappears,  it  undergoes  itself  a  new  conversion,  and  is 
prepared  in  another  form  to  contribute  to  the  further  increase  of  the  plant. 
How  beautiful  and  provident  are  all  these  arrangements !— how  plas- 
tic the  various  forms  of  organic  matter  in  the  hands  of  the  All-Intelli- 
gent ! — ^how  nicely  adjusted  in  time  and  place  its  diversified  changes ! 
What  an  apparently  lavish  expenditure  of  forethought  and  kind  previ- 
sion, in  behalf  even  of  the  meanest  plant  that  grows! 

§  9.  Vegetable  Acids. — Acetic  acid.  Oxalic  acid,  Tartaric  acid, 
Citric  acid.  Malic  acid. 
Another  class  of  com  iHJund  substances  remains  to  be  shortly  consid- 
ered,— those,  namely,  which  possess  sour  or  acid  properties,  and  which 
are  known  to  be  present  in  large  quantity  in  many  plants,  and  more 
especially  in  the  greater  number  of  unripe  fruits.  They  do  not,  taken 
as  a  whole,  form  any  large  portion  of  the  entire  produce,  either  of  the 
general  vegetation  of  the  globe  or  of  those  plants  which  are  cultivated 
for  food;  yet  the  growth  of  fruit — as  in  the  grape,  orange,  and  apple 
countries — is  sufficienily  extensive,  and  the  general  interest  in  the  cul- 
tivation of  fruit  trees  suflicienlly  great,  to  require  that  the  nature  of  the 
substances  contained  in  fruits,  and  the  peculiar  changes  by  which  they 
are  formed,  should  be  in  some  measure  considered  and  explained. 

I.— ACETIC    ACID. 

Acetic  add  or  vinegar  is  the  most  extensively  diffused,  and  the  most 
largely  produced,  of  all  the  organic  acids.  It  is  formed  during  the  ger- 
mination of  seeds,  and  it  exists  in  the  juices  of  many  plants,  but  it  is 
most  abundantly  evolved  during  the  fermentation,  whether  natural  or 
artificial,  of  nearly  all  vegetable  substances.  When  pure  it  is  a  colour- 
less liquid,  having  a  well  known  agreeably  acid  taste.  It  may  be 
boiled  and  distilled  over  without  being  decomposed.  The  vinegar  of  the 
shops  is  generally  very  much  diluted,  but  it  can  be  prepared  of  such  a 
strength  as  to  freeze  and  become  solid  at  45<>  F.,  and  to  blister  the  skin 
and  produce  a  sore  when  applied  to  any  part  of  the  body.  When 
mixed  with  water  it  readily  dissolves  lime,  magnesia,  alumina,  &c., 
forming  salts  called  acetates,  which  are  all  soluble  in  water,  and  may, 
therefore,  be  readily  washed  out  of  the  soil  or  of  compost  heaps  by 
heavy  falls  of  rain. 
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When  perfectly  free  from  water,  acetic  acid  consists  of— 
CarboD  .     .     .     47*5  per  cent.,  or  4  atoms 
Hydrogen  .     .      6-8        "         or  3      " 
Oxygen.     .     .    46-7        •*         or  3      " 

100 

It  is  therefore  represented  by  the  formula  C4  H,  O3 — in  which,  as  in 
those  given  in  the  preceding  sections  for  starch,  sugar,  &c.,  the  numbers 
representing  the  atoms  of  hydrogen  and  oxygen  are  equal,  and  conse- 
quently these  elements  are  in  the  pro})oruon  to  form  water.  Hence, 
vinegar,  like  sugar,  may  be  represented  by  carbon  and  water. 

Let  us  consider  for  a  moment  the  several  processes  by  which  this  acid 
is  usually  formed. 

1^.  By  the  distUlation  of  toooi.— This  a  method  by  which  wood 
vinegar— often  called  pyroligneous  add — ^is  prepared  in  large  quantity. 
Wo^  which  has  been  dried  in  the  air  is  put  into  an  iron  retort  and  distil- 
led. The  principal  producu  are  vinegar,  water,  and  tarry  matter. 
The  decomposition  is  of  a  complicated  description,  but  by  comparing 
the  constitution  of  woody  fibre  with  that  of  vinegar,  we  can  readily  see 
the  nature  of  the  changes  by  which  the  latter  is  produced. 
WooDT  Fibre  is  =  C,j  H,  O, 
3  of  Vinegar  are  =  C|,  H,  O9 


Difference         =  H ,  0-. ;  or  the  elements 

of  one  atom  of  water.  One  portion  of  the  woody  fiore,  therefore,  com- 
bines with  the  elements  of  an  atom  of  water,  obtained  by  the  decompo- 
sition of  another  portion,  and  thus  vinegar  is  produced. 

2*^.  Manufacture  of  Vinegar  from  Cane  Sugar. — It  is  a  well  known 
fact  in  domestic  economy,  that  if  cane  sugar  be  dissolved  in  water,  a 
little  vinegar  added  to  it,  and  the  solution  kept  for  a  length  of  time  at  a 
moderate  temperature,  the  whole  will  be  converted  into  vinegar  without 
any  sensible  fermentation.  This  process  is  frequently  followed  in  the 
preparation  of  household  vinegar,  and  was  formerly  adopted  to  some  ex- 
tent in  our  chemical  manufactories.  It  will  be  recolleeted  that  we  r&> 
presented  Cane  Sugar  by     Ci,  H,o  O^,  while 

3  of  Vinegar  =    Cu  Hg    Og 

Difference  H|      O, ;  or  the  elements 

of  an  atom  of  water,  which  cane  sugar  must  lose  in  order  to  be  convert- 
ed into  vinegar.  Whether  the  change  in  this  instance  takes  place  by 
the  direct  conversion  of  cane  sugar  into  vinegar,  or  whether  the  former 
is  previously  transformed  into  grape  sugar,  has  not  been  satisfactorily  de- 
termined. 

3^.  Manufacture  of  Vinegar  from  Alcohol.'-^ln  Germany,  where 
common  brandy  is  cheaper  than  vinesar,  it  is  found  profitable  to  manu- 
facture this  acid  from  weak  spirit.  For  this  purpose  it  is  mixed  with  a 
little  yeast,  and  then  allowed  to  trickle  over  wood  shavings  moistened 
with  vinegar,  and  contained  in  a  cask,  the  sides  of  which  are  perforated 
with  holes  for  the  admission  of  a  current  of  air.  By  this  method  oxy- 
gen is  absorbed  from  the  air,  and  in  24  hours  the  alcohol  in  the  spirit  is 
converted  into  vinegar  and  water. 
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The  explanadon  of  this  process  is  also  simplei  alcohol  being  repre- 
sented by  C4  Ha  Oa.     Thu*— 

ALCoit>L  =  C4  He  Os  ^       f  Vihegar  =  C4  H3  O, 

4ofOxTGEN=  ^*   l  =  i   3  of  Water    =       H3  O, 

Sum  C4  H«  Oe  j       (  Sum     =  C4  Hb  O, 

4<*.  Production  of  Vinegar  by  fermentatian.'^When  vegetable  mat- 
ters are  allowed  to  ferment,  carbonic  acid  is  fiven  off  and  vinegar  is 
formed.  In  such  cases  this  acid  is  the  result  of  a  series  of  changes,  du- 
ring which  that  portion  of  the  vegetable  matter  which  has  at  length 
reached  the  state  of  vinegar  has  most  probably  passed  through  the  seve- 
ral previous  stages  of  grape,  sugar,  and  alcohol.  The  carbonic  acid,  as 
has  already  been  explained  (p.  115),  is  eiven  oflTduring  the  fermentation 
of  the  grape  sugar,  and  the  consequent  formation  of  alcohol. 

To  simple  transformations,  similar  to  those  above  described,  we  can 
trace  the  origin  of  the  vinegar  which  is  met  with  in  the  living  juices  of 
plants,  and  among  the  products  of  their  decay. 

II. — TARTARIC  ACID. 

The  grape  and  the  tamarind  owe  their  sourness  to  a  peculiar  acid  to 
which  the  name  a^ tartaric  acid  has  been  given.  It  is  also  present,  along 
with  other  acids,  in  the  mulberry,  in  the  berries  of  the  sumach  {rkus  co- 
riarii),  and  in  the  sorrels,  and  has  been  extracted  from  the  roots  of  the 
couch-grass  and  the  dandelion. 

When  new  wine  is  decanted  from  the  lees,  and  set  aside  in  vats  or 
casks,  it  gradually  deposits  a  hard  crust  or  tartar  on  the  sides  of  the  ves- 
sels.  This  substance  is  known  in  commerce  by  the  name  of  argol,  and 
when  purified  is  familiar  to  you  as  the  cream  of  tartar  of  the  shops.  It 
is  a  com{K>und  of  tartaric  acid  with  potash,  and  from  it  tartaric  acid  is 
extracted  for  use  in  medicine  and  in  the  arts.  The  principal  use  of  the 
acid  is  in  certain  processes  of  the  calico  printers. 

The  pure  acid  is  sold  either  in  the  form  of  a  white  powder  or  of  trans* 
parent  crystals,  which  are  colourless,  and  have  an  agreeable  acid  tasie. 
It  dlfl^lves  readily  in  water,  and  causes  a  violent  eflfervescence  when 
mixed  with  a  solution  of  the  carbonate  of  potash  dr  of  soda.  As  it  has 
no  injurious  action  upon  the  system,  it  is  extensively  used  in  artificial 
soda  powders  and  effervescing  draughts.  When  added  in  sufficient 
quantity  to  a  solution  containing  potash,  it  causes  a  white  crystalline 
powder  to  fall,  which  is  cream  of  tartar  (or  bitartrate  of  potash)^  and  from 
lime  water  it  throws  down  a  white  chalky  precipitate  oi  tartrate  of  lime. 
Both  of  these  compounds  are  present  in  the  grape. 

When  perfectly  free  from  water  this  acid  consists  of— 
Carbon  .  .  .  =  36*81  or  4  atoms. 
Hydrogen  .  .  =  3*00  or  2  atoms. 
Oxygen   .     .     .  =  60*19  or  5  atoms. 

100 
It  is  therefore  represented  by  the  formula  C4  H^  0«. 

If  we  compare  the  numbers  by  which  the  atoms  of  hydrogen  and  ox- 
ygen in  this  acid  are  expressed,  we  see  that  these  elements  are  not  in  the 
proportion  to  form  water,  and  that  this  substance,  therefore,  cannot,  liite 
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SO  many  of  those  we  have  hitherto  had  occasion  to  notice,  be  rtpreaented 
by  carbon  and  the  elements  of  water  alone* 
It  may  be  represented  by  ? 

4  of  Caebon  .    .  =:  C4  ) 

2  of  Water  .    .  =        H,  O,    V   or,  4C+2H-I-30 
and  3  of  Oxtgen  .    .  =  O9    j 

Tartaric  Acid  =  C4  H^  O, 
And,  though  this  mode  of  representation  does  not  truly  exhibit  the  con* 
stitution  of  the  acid,  inasmuch  as  we  have  no  reason  to  believe  that  it 
really  contains  water  as  such*— yet  it  serves  to  show  very  clearly  that  in 
the  living  plant  this  acid  cannot  be  formed  directly  from  carbon  and  the 
elements  of  water,  as  starch  and  sugar  may,  but  (hat  it  requires  also 
tJiree  atoms  of  oxygen  in  excess  to  every  five  of  carbon  and  two  of  water. 
We  shall,  in  the  following  lecture,  see  how  nicely  (he  functions  of  the 
several  parts  of  the  plant  are  adjusted, — at  one  period  to  the  formation  of 
this  acid,  and  at  another  to  its  conversion  into  sugar  during  the  ripeniog 
of  the  fruit. 

III.— CITAIC   ACID,   OR  ACID   OF   LEMONS. 

This  acid  gives  their  sourness  to  the  lemon,  the  lime,  the  orange,  the 
cranberry,  the  red  wliortleberry,  the  bird-cherry,  and  the  fruits  of  the 
dog-rose  and  the  woody  night-shade.  It  is  also  found  in  some  roots,  as 
in  those  of  the  dahlia  pinnate,  and  the  asarum  europaeura  (asarrabacca)^ 
and  mixed  with  much  malic  acid,  in  the  currant,  cherry,  gooseberry, 
raspberry,  strawberry,  common  whortleberry,  and  the  fruit  of  the  haw- 
thorn. 

When  extracted  from  the  juice  of  the  lemon  or  lime,  and  afterwards 
purified,  it  forms  transparent  colourless  crystals,  possessed  of  an  agreea- 
ble acid  taste ;  effervesces  like  tartaric  acid  with  carbonate  of  soda,  and 
like  it,  therefore,  is  much  employed  for  eflervescing  draughts.  With 
potash  it  forms  a  soluble  salt,  wliicli  is  a  citrate  of  potash^  and  from  lime 
water  it  throws  down  a  white,  nearly  insoluble,  sediment  o( citrate  of 
lime,  which  re-dissolves  wlien  the  acid  is  added  in  excess.  In  combi- 
nation with  lime  it  exists  in  the  tubers,  and  witli  |X)tas}i  in  the  roots,  of 
the  Jerusalem  artichoke. 
When  free  from  water,  citric  acid  consists  of 

Carbon     ....     41*49  ^=  4  atoms. 

Hydrogen     .     .     .       3-43  =  2  atoms. 

Oxygen  .     .     .     .     55* 08  =  4  atoms. 

100 
and  is  therefore  represented  by  C4  H^  O4. 

This  formula  differs  from  that  assigned  to  the  tartaric  acid  only  in 
containing  one  atom  of  oxygen  less,  O4  instead  of  O5.  In  the  citric 
acid,  therefore,  there  are  2  atoms  of  oxygen  in  excess,  above  what  is 
necessary  to  form  water  with  the  2  of  hydrogen  it  contains. 

IV.— MALIC   ACID. 

The  malic  and  oxalic  acids  are  more  extensively  diffused  in  lixing 
plants  than  any  other  vegetable  acids.    If  acetic  acid  be  more  largely 
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fiirmed  in  nature,  it  is  chiefly  as  a  product  of  the  decomposition  of  or- 
ganic matter,  when  it  has  already  ceased  to  exist  in,  or  to  form  part  of, 
a  living  plant. 

Along  with  the  citric  acid,  it  has  been  already  stated  that  the  malic 
occurs  in  many  fruits.  It  is  found  more  abundantly,  however,  and  is  the 
chief  cause  of  the  sour  taste,  in  the  unripe  apple,  [hence  its  name  medic 
acid,]  the  plum,  the  sloe,  the  elderberry,  the  barberry,  the  fruit  of  the 
mountain  ash,  and  many  others.  It  is  associated  with  the  tartaric  acid 
in  the  grape  and  in  the  Agave  americana. 

This  acid  is  not  used  m  the  arts  or  in  medicine,  and  therefore  is  not 
usually  sold  in  the  shops.  It  is  obtained  most  readily,  in  a  pure  state, 
from  the  berries  of  the  mountain  ash.  It  forms  colourless  crystals, 
which  have  an  agreeable  acid  taste.  It  combines  with  potash,  soda, 
lime,  and  magnesia,  and  forms  moLaUs^  and,  in  combination  with  one  or 
more  of  these  bases,  it  usually  occurs  in  tlie  fruits  and  juices  of  plants. 
The  tnalaU  of  lime  is  soluble,  while  the  citrate,  as  already  stated,  is 
nearly  insoluble,  in  water.  This  malate  exists  in  large  quantity  in  the 
juice  of  the  house-leek  (strnperoivum  tectorum)^\x\xhe  Sedum  telephium, 
the  Arum  maculatum,  and  many  other  juicy  and  fleshy-leaved  plants. 

When  perfectly  free  from  water,  the  malic  acid  has  exactly  the  same 
chemical  constitution  as  the  citric,  and  is  represented  by  the  same  for- 
mula C4  Hs  O4.  These  two  acids,  therefore,  bear  the  same  relation 
to  each  other  as  we  have  seen  that  starch,  gum,  and  sugar  do.  They 
are  what  chemists  call  isomeric^  or  tire^  isomeric  bodies.  We  cannot 
transform  them,  however,  the  one  into  the  other,  by  any  known  means, 
though  there  is  every  reason  to  believe  that  they  may  undergo  snch 
transformations  in  the  interior  of  livine  plants.  Hence  probably  one 
reason  also  why  the  malic  and  citric  acids  occur  associated  t(^etber  in 
so  many  difierent  fruits. 

Y.— OXALIC   ACID. 

This  acid  has  already  been  treated  of,  and  its  properties  and  composi- 
tion detailed,  in  a  preceding  lecture  (Lecture  III.,  p.  47).  It  forms  co- 
lourless transparent  crystals,  having  an  agreeably  acid  taste,  and  ir 
efiervesces  with  the  carbonates  of  potash  and  soda,  but  on  account  of  its 
poisonous  qualities,  it  is  unsafe  to  administer  it  as  a  medicine.  It  oc- 
curs in  combination  with  potash  in  the  sorrels,  in  rhubarb,  and  in  the 
juices  of  many  lichens.  Those  lichens  which  incrust  the  sides  of  rocks 
and  trees,  not  unfrequently  contain  half  their  weight  of  this  acid  in  com- 
bination with  lime.  It  can  be  formed  artificially  by  the  action  of  nitric 
acid  on  starch,  sugar,  gum,  and  many  other  organic  substances. 

When  perfectly  free  from  water,  oxalic  acid  contains  do  hydrogen ; 
but  consists  of— 

Carbon     .     .     .     33-75  =  3  atoms 

Oxygen    .     .     .     66-26  =  3     •* 

100 
and  it  is  represented  by  Cg  O3.    When  heated  with  strong  sulphuric 
acid,  it  is  decomposed  and  resolved  into  gaseous  carbonic  acid  (CO  3)  and 
carbonic  oxide  (CO)  in  equal  volumes.     This  change  is  easily  under^ 
stood  since  CO,  -f-  CO  =  C,  O3.  ,,„  ,„ ,,  ^^^.^.^ 
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§  1 0.  General  ohservaHoM  an  the  tuhikmces  of  tokich  planU  ehUJly  eonsi$L 

It  may  be  useful  here  shortly  to  review  the  most  important  facta  and 
concluaioDS  which  have  been  adverted  to  in  the  preaent  lecture. 

1^.  The  great  bulk  of  plants  consisCaofa  series  of  substances  capable 
of  being  represented  bv*  and  consequently  of  being  formed  in  nature 
from^  carbon  and  the  elements  of  water  only.  Such  are  woody  fibre, 
starch,  gum,  and  the  several  varieties  of  sugar  (p.  111). 

2°.  Yet  the  crude  mass  of  wood,  as  it  exisu  in  a  full-grown 
tree,  containing  various  substances  in  its  pores,  cannot  be  represented 
by  carbon  and  the  elements  of  water  aUme.  It  ap|)ear8  always  to 
contain  a  small  excess  of  hydrogen,  which  is  greater  in  some  trees  than 
in  others.  Thus  in  the  chesnut  and  the  lime,  this  excess  is  greater  than 
in  the  pines,  while  in  the  latter  it  is  greater  than  in  the  oak  and  the  ash. 
[For  a  series  of  analyses  of  different  kinds  of  wood  by  Peterson  and 
bchddler,  see  Thomson's  Organic  Chemistry^  p.  849.] 

3^.  These  substances  are,  in  many  cases,  mutually  convertible  even 
in  our  hands.     They  are  probably,  therefore,  still  more  so  in  nature. 

It  is  to  be  observed,  however,  that  all  the  transformations  we  can  as 
yet  effect  are  in  one  direction  only.  We  can  produce  the  above  com- 
pounds from  each  other  in  the  order  of  lignio  or  starch,  gum,  cane  sugar, 
grape  sugar — ^that  is,  we  can  convert  starch  into  gum,  and  gum  into 
sugar,  but  we  cannot  reverse  the  process,  so  as  to  form  cane  from  grape 
sugar,  or  starch  from  gum. 

The  only  apparent  exception  to  this  statement  with  which  we  are  at 
present  acauainted,  occurs  in  the  case  of  starch.  When  this  substance 
IS  dissolveol  in  ccld  concentrated  nitric  acid,  and  then  mixed  largely  with 
water,  a  substance  [the  Xyloidin  of  Braconnoll  falls  to  the  bottom, 
which  is  a  compound  of  the  nitric  acid  with  woody  fibre  (C.^  Hg  Og.) 
[Pelouze,  see  Berzelius  ArsherdUelse^  1839,  p.  416.]  In  this  instance, 
if  the  above  observation  is  correct,  there  appears  to  be  an  actual  con- 
version of  starch  into  woody  fibre. 

But  what  tue  are  as  yet  unable  to  perform  may,  nevertheless,  be  easily 
and  constantly  efiected  in  the  living  plant.  Not  only  may  what  is  starcn 
in  one  part  of  the  tree  be  transformed  and  conveyed  to  another  part  in 
the  form  of  sugar, — but  that  which,  in  the  form  of  sugar  or  gum,  passes 
upwards  or  downwards  with  the  circulating  sap,  may,  by  the  instrumen- 
tality of  the  vital  processes,  be  deposited  in  the  stem  in  the  form  of 
wood,  or  in  the  ear  in  that  of  starch.  Indeed  we  know  that  such  actu- 
ally does  take  place,  and  that  we  are  still,  therefore,  very  far  from  being 
able  to  imitate  nature  in  her  power  of  transforming  even  this  one  group 
of  substances  onl^. 

4^.  Among,  or  in  connection  with,  the  great  masses -of  vegetable  mat- 
ter which  consist  mainly  of  the  above  substances,  we  have  had  occasion 
to  notice  a  few  which  contain  nitrogen  as  one  of  their  constituents— -and 
which,  though  forming  only  a  small  fraction  of  the  products  of  vegetable 
growth,  yet  appear  to  exercise  a  most  important  influence  in  the  general 
economy  of  animal  as  well  as  vegetable  life.  The  functions  peHbrmed 
by  diastase  in  Reference  to  vegetable  growth,  and  to  the  transformations 
of  organized  vegetable  substances,  have  already  been  in  some  measure 
illustrated,— we  shall  hereafter  have  an  opportunity  of  considering  more 
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fully  t:e  influence  which  gluten  and  vegetable  albumen  exercise  ovei 
the  general  efficiency  of  the  products  of  vegetation  in  the  support  of  ani- 
mal life,  and  over  the  chantres  which  these  products  must  undergo,  be* 
fore  they  can  be  converted  iuto  the  substance  of  animal  bodies.  In  a 
former  lecture  (Lecture  IV.,  p.  66),  I  have  had  occasion  to  draw  your 
attention  to  the  comparatively  small  proportion  in  which  nitrogen  exists 
in  the  vegetable  kingdom,  and  to  show  that  it  must  nevertheless  be  con* 
Btdered  as  much  a  necessary  and  constituent  element  in  their  composi- 
tion as  the  carbon  itself;  the  very  remarkable  properties  we  have  al- 
ready discovered  in  the  compeunds  above  mentioned  strongly  confirm 
this  fact,  and  illustrate  in  a  striking  manner  the  influence  of  apparently 
feeble  and  inadequate  causes  in  producing  important  natural  results. 

5^.  With  the  exception  of  acetic  acid,  which  in  constitution  is  closely 
related  to  sugar*  and  gum,  all  the  acid  substances  to  which  it  has  been 
necessary  to  advert,  contain  an  excess  of  oxygen  above  what  is  neces- 
sary to  form  water  with  the  hydrogen  I  hey  contain.     Thus 

Vinegar  =  C^  H3  O3  contains  no  excess  of  oxygen. 

Tartaric  Acid  ^  C4  H,  O  ^     .     .      3  of  oxygen  in  excess. 
Malic  Acid  ?    _  r-    ij    r*  o 

Citric  Acid  J    -^*^^2^4    •     •      2 
Oxalic  Acid     =        C^  O3    •    .      3 

It  requires  a  little  consideration  to  enable  us  to  appreciate  the  (rue  im- 
portance of  these  nnd  other  organic  acids,  in  the  vegetable  economy.  At 
first  sight  they  appear  to  form  a  much  smaller  part  of  the  general  pro- 
ducts of  vegetation  than  is  really  the  case.  We  must  endeavour  to 
conceive  the  quantity  actually  produced  by  a  single  tree  loaded  with 
thousands  oflemons,  oranges,  or  apples,— or  again,  how  much  is  formed 
during  the  growth  of  a  single  comparatively  small  plant  of  garden  rhu- 
barb in  spring,  if  we  would  obtain  an  adequate  idea  of  the  extent  to 
which  these  acids  are  constantly  formed  in  nature.  On  the  other  hand, 
we  must  recollect  also  that  the  greater  portion  of  the  acid  of  fruits  disap- 
pears as  they  ripen,  if  we  would  understand  the  true  nature  of  the  in- 
terest which  really  attaches  to  the  study  of  these  substances,  of  the 
changes  to  which  they  are  liable,  and  of  the  circumstances  under  which 
in  nature  these  changes  take  place. 

6°.  I  will  venture  here  to  draw  your  attention  for  a  moment  to  the  na- 
ture and  extent  of  that  remarkable  power  over  matter,  which  the  chem- 
ist, as  above  explained,  appears  to  possess.  Such  a  consideration  will 
be  of  value  not  only  in  illustrating  how  far  we  really  can  now,  or  may 
hereaOer,  expect  to  be  able  to  influence  or  control  natural  operations, 
[see  Lecture  II.,  p.  32,1  but  what  is  probably  of  more  value  still,  exhibit- 
ing the  true  relation  which  man  bears  to  the  other  parts  of  creation ;  and, 
in  some  measure,  the  true  posuion  he  is  intended  to  occupy  among  them. 

1^.  We  have  seen  that  the  chemist  can  tratuform  certain  substances 
one  into  the  other,  in  a  known  order ;  but  that  as  yet  he  cannot  reverse 
that  order.  Thus  far  his  power  over  mailer  is  at  present  limited ;  but 
this  limit  he  may  at  some  future  period  be  able  to  overpass,  and  we 

'  It  la  falenlkal  in  coiudtution  with  caramel  (p.  lU>-the  uncrystaUizable  •ugAt  of  Sfnjm. 
'or 

Vtnecar.  Caiamel.  ^^  , 

<C54  H3  03  X  3)  =  CIS  H9  0?„giti,ed  by  CjOOg  le 
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know  not  bow  far.  The  discovery  of  a  new  agent,  or  of  a  new  mode 
of  treatment,  may  enable  him  to  accomplish  what  he  ha»  oof  as  yet  the 
means  or  the  skill  to  perform. 

2°.  He  has  it  in  his  power  to  form,  actually  to  produce,  some  of  the 
organic  or  organized  substances  which  occur  in  living  plants.  He  can 
form  gum,  and  grape  sugar,  in  any  quantity.  Thus  far  he  can  imitaU 
and  take  the  place  of  the  living  frrmciple  itself. 

Numerous  other  cases  are  known,  m  which  he  displays  a  sioailar 
power.  By  the  action  of  nitric  acid  upon  starch  or  sugar,  [see  Lecture 
III.,  p.  47,j  he  can  form  oxalic  addn  which,  as  has  already  been  shown, 
occurs  very  largely  in  the  vegetable  kingdom.  By  the  action  of  heat 
upon  citric  acid,  he  can  decompose  it  and  produce  an  acid  which  is 
met  with  in  the  Wolfsbane  (Aconitum  napellus),  and  hence  is  called 
aconitic  acid.*  Also  by  the  action  of  sulphuric  acid  he  can  change 
ialicine  and  pftlorizine— -substances  extracted  respectively  fmm  the  bark 
of  the  willow  and  from  that  of  the  root  of  the  apple  tree— into  a  resinous 
matter  and  grape  sugar.  So,  of  the  compounds  which  are  found  in  the 
solids  aod  Auids  of  animal  bodies,  there  are  some  which  he  has  also 
succeeded  in  forming  by  the  aid  of  his  chemical  art. 

Elated  by  such  achievements,  some  chemists  appear  willing  to  hope 
that  all  nature  is  to  be  subjected  to  their  dominion,  and  that  they  may 
hereafter  be  able  to  rival  the  living  principle  in  all  its  operations.  It  is 
true  that  what  we  now  know,  and  can  accomplish,  are  but  the  begin- 
nings of  what  we  may  foirly  expect  hereafter  to  etiect.  But  it  is  of  coo- 
sequence  to  bear  in  mind  the  true  position  in  which  we  now  stand,  aod 
the  true  direction  in  which  all  we  at  present  know  seems  to  indicate  that 
our  future  advances  in  knowledge,  and  in  control  over  nature,  are  likely 
to  proceed.     And  this  leads  me  to  observe-^ 

3^.  That  our  dominion  is  at  present  limited  solely  to  transforming 
and  decomposing.  We  can  transform  woody  fibre  into  gum  or  sugar— 
we  cannot  form  either  ^um  or  sugar  by  the  direct  union  ^  their  dements. 
We  can  resolve  salicme  by  the  acid  of  sulphuric  acid  into  resin  and 
grape  sugar ;  but  we  cannot  cause  the  elements  of  which  they  consist  to 
unite  together  in  our  hands,  so  as  to  form  any  one  of  the  three.  We 
cannot  even  cause  the  resin  and  the  sugar  to  re-unite  aud  rebuild  the  sali- 
cine  from  which  they  were  derived. 

So  we  can  by  heat  drive  off  the  elements  of  water  from  the  citric  and 
cause  the  aconitic  acid  to  appear;  but  we  cannot  persuade  the  unwilling 
compounds,  when  thus  separated,  to  return  to  their  former  condition  of 
citric  acid  ;  and,  if  we  could,  we  should  still.be  as  far  removed  from  the 
power  of  commanding  or  compelling  the  direct  union  of  carbon,  hydro- 
gen, and  oxygen,  in  such  proportions,  and  in  such  a  way,  as  to  build  up 
either  of  the  two  acids  in  question. 

Again,  we  can  actually  form  oxalic  acid  by  the  action  of  nitric  acid 

'  Theee  two  acids  diflfer  from  each  other  onlr  i?  the  elemeata  of  an  atom  of  water.    Thm 
Citric  Add    .    .    =  Ci  II    04 
Aconitic  Acid    .    s  C4  H|  O3 

_.  Difference     .    .    =        Hi  O    or  HO,  one  of  water. 

It  is  easy  to  aee,  therefore,  how,  by  the  erohition  of  the  dements  of  an  atom  of  water,  the 
one  acid  may  be  changed  into  the  other.  The  eclenilfic  reader  will  excuse  me  (if  on  the 
arounds  of  simplicity  alone)  for  repreaentinK,  both  here  and  in  the  text,  the  citric  acid  by 
C    Ha  O4,  inatead  of  by  Cia  Bi  On  +  3HO,  which  Llebig  and  hla  papila  prefer. 

UKjiiizetT Dy"'*^j *> vy pi  i\^ 
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upon  Starch,  or  wooil,  or  sugar,  or  any  other  of  a  great  variety  of  vegeta- 
ble substances— but  we  cannot  prepare  it  by  the  direct  union  of  its  ele- 
ments. We  can  only  us  yet  procure  it  from  substances  which  have 
already  been  or^a>iu«<^which  have  been  themselves  produced  by  the 
agency  of  the  living  principle. 

The  same  remarks  apply  with  slight  alteration  to  those  substances  of 
animal  origin  to  which  I  have  above  alluded  as  being  within  the  power 
of  the  chemist  to  produce  ai  will.  There  is  hardly  an  exception  to  the 
rule,  that  in  producing  organic  substances,  as  they  are  called,  the  chem- 
ist must  employ  other  organic  substances  which  are  as  yet  beyond  his 
art — which,  so  far  as  we  know,  can  only  be  formed  under  the  direction 
of  ihe  living  principle.  Tiius  the  sum  of  the  chemist's  power  in  imita- 
ting organic  nature  consists,  at  present,  in  his  ability — 

1°.  To  transform  one  substance  found  only  in  the  organic  kingdom 
into  some  other  substances,  produced  more  or  less  abundantly  in  the 
same  kingdom  of  nature.  This  power  he  exercises  when  he  converts 
starch  into  sugar,  or  fibrin  into  albumen  or  casein. 

2°.  To  resolve  a  more  complex  or  compound  substance  into  two  dr 
more  which  are  less  so,  and  of  which  less  complex  substances  some  may 
be  known  to  occur  in  vegetable  or  animal  bodies. 

3^.  To  decompose  organic  compounds  by  means  of  hischemical  agents, 
and  as  the  result  of  euch  decompositions  to  arrive  at  one  or  more  com- 
pounds, such  as  are  formed  under  the  direction  of  the  living  principle. 

In  no  one  case  can  he  form  ihe  substances  of  which  animals  ami  plants 
chiefly  consisL,  out  of  those  on  which  animals  and  plants  chiefly  live* 

But  this  is  the  common  and  every -day  result  of  the  agency  of  the  liv- 
ing principle.  Is  there  as  yet,  then,  any  hope  that  the  chemical  labo- 
ratory shall  supersede  tlie  vasculai  system  of  animals  and  plants;  or 
that  the  skill  of  the  chemist  who  guides  the  operations  within  it,  shall 
ever  rival  that  of  the  principle  of  life  which  presides  over  the  chemical 
changes  that  take  place  in  animal  and  vegetable  bodies  ? 

The  true  place,  therefore,  of  human  skill— the  true  prospects  of  chem- 
ical science— -are  pointed  out  by  these  considerations.  No  science  has 
accumulated  so  many  and  such  various  treasures  as  chemistry  has  done 
during  the  last  20  years-^none  is  at  present  so  widely  extending  the 
bounds  of  our  knowledge  at  this  moment  as  the  branch  of  organic  chem- 
istry— men  may  therefore  be  excused  for  entertaining  more  sanguine 
expectations  from  the  progress  of  a  favourite  science  than  sober  reason- 
ing would  warrant.  Yet  it  is  of  importance,  I  think,  and  especially  in 
a  moral  point  of  view,  that  amid  all  our  ardour,  we  should  entertain 
clear  and  just  notions  of  the  kind  and  extent  of  knowledge  to  which  we 
are  likely  to  attain,  and^as  knowledge  in  chemistry  is  really  power 
over  matter — to  what  extent  this  power  is  likely  ever  to  be  earned. 

At  present,  if  we  judge  from  our  actual  knowledge,  and  not  from  our 
hopes — there  is  no  prospect  of  our  ever  being  able  to  imitate  or  rival 
living  nature  in  actually  compounding  from  their  elements  her  nume- 
rous and  varied  productions.  That  we  may  clearly  understand,  and  be 
able  to  explain  many  of  her  operations,  and  even  to  aid  her  in  effecting 
them,  is  no  way  inconsistent  with  an  inability  to  imitate  her  by  the  re- 
sources of  art.    This  will,  I  trust,  appear  more  distinctly  in  the  subse- 

qUent  lecture*  uigmzeuuy>^vy'^/-tiv. 


LECTURE  VII. 

CbtmlcAl  ehncM  by  which  the  nhilaiicM  of  whteh  planla  ehlelly  eoniM  m  formed  fivm 
thOM  OD  which  they  Utc— Changes  during  germlDaUoo— durlof  the  giowth  of  the  pteot— 
duriog  the  ripenlog  of  fruit —Aulainn«l  changes. 

HAViifo  thus  considered  the  nature  and  chemical  constitution  of  those 
substances  wiiich  constitute  by  far  the  largest  part  of  the  solids  and 
fluids  of  living  vegetables,  we  are  now  prepared  for  the  further  question 
~^by  what  chemical  changes  these  substances  of  tchich  plants  eonsisU  are 
formed  out  of  those  on  wKich  they  live  ? 

The  growth  of  a  plant  from  the  germination  of  the  seed  in  spring  till 
the  fall  of  the  leaf  in  autumn,  or  the  return  of  the  succeeding  spring- 
time, may  in  perennial  plants  be  divided  into  four  periods-*during  which 
|hey  cither  live  on  different  TooAt  or  expend  iheir  main  strength  in  the 
production  of  different  substances.  These  periods  may  he  distinguished 
as  follows  :— 

1°.  The  period  of  germination — from  the  sprouting  of  the  seed  to  the 
formation  of  the  perfect  leaf  and  root. 

2^.  From  the  expansion  of  the  first  tme  leaves  to  the  period  of  flow- 
ering. 

3®.  From  the  opening  of  the  flower  to  the  ripening  of  the  fruit  and 
seed. 

4**.  From  the  ripening  of  the  seed  or  fruit,  till  the  fall  of  the  leaf  and 
the  subsequent  return  of  spring.  On  the  ripening  of  the  fruit  the  func- 
tions of  annual  plants  are  in  general  discharged,  and  they  die ;  but  per- 
ennial plants  have  still  important  duties  to  perform  in  order  to  prepare 
them  for  the  growth  of  the  following  spring. 

The  explanation  of  the  chemical  changes  to  which  our  attention  is  to 
be  directed  will  be  more  clear,  and  perhaps  more  simple,  if  we  consider 
them  in  relation  to  these  several  periods  of  growth. 

§  1.  Chemical  changes  which  take  place  during  germination  and  during 
the  development  of  the  first  leaves  and  roots. 

The  general  nature  of  the  chemical  changes  which  take  place  during 
germination  is  simple  and  easy  to  be  comprehended. 

Let  us  first  consider  shortly  the  phenomena  which  have  been  observed 
to  accompany  germination,  and  the  circumstances  which  are  most  fa- 
vourable to  its  rapid  and  healthy  progress. 

1°.  Before  a  seed  will  begin  to  sprout,  it  must  be  placed  for  a  time  in 
a  sufficiently  moist  situation.  We  have  already  seen  how  numerous 
and  important  are  the  functions  which  water  performs  in  reference  lo 
vegetable  life  (Lecture  IL,  p.  36,)  in  every  stage  of  a  plant*8  growth. 
In  the  seed  no  circulation  can  take  place — no  motion  among  the  parti- 
cles of  matter — until  water  has  beer  largely  imbibed ;  nor  can  the  food 
be  conveyed  through  the  growing  vessels,  unless  a  constant  supply  of 
fluid  be  afforded  to  the  seed  and  its  infant  roots. 

2^.  A  certain  degree  of  warmth — a  slight  elevation  of  temperature- 
is  also  favourable,  and  in  most  cases  necessary,  to  germination. 


x/rscT  or  aia  akd  LionT  on  oxKinNATioir.  Idl 

The  degree  of  warmth  which  is  required  in  order  that  seeds  niay  he- 

g'n  to  grow,  varies  with  the  nature  of  the  seed  itself.  In  Northern  Si- 
itia  and  other  icy  countries,  plants  are  observed  to  spring  up  at  a  tem- 
perature but  slightly  raised  above  the  freezing  point  (32^  F.,)  but  it  is 
familiar  to  every  practical  agriculturist,  that  the  seeds  he  yearly  con- 
signs to  the  soil  require  to  be  protected  from  the  inclemency  of  the 
weather,  and  sprout  most  quickly  when  they  are  stimulated  by  the 
warmth  of  approacliing  spring,  or  by  the  heat  of  a  8ummer*s  sun. 

The  same  fact  is  familiarly  shown  in  the  malting  of  barley,  where 
large  heaps  of  grain  are  moistened  in  a  warm  atmosphere,  when  ger- 
mination commences,  the  grain  heats  spontaneously,  and  the  growUi 
increases  in  rapidity  as  the  heap  of  com  attains  a  higher  temperature. 
It  thus  appears  that  some  portion  of  that  heat  which  the  groMih  of  the 
fenn  and  radicles  requires,  is  provided  by  natural  processes  in  the  grain 
Itself;  in  some  such  way  as,  in  the  bodies  of  animals,  a  constant  supply 
of  heat  is  kept  up  by  the  vital  processes— by  which  supply  the  cooling 
effect  of  the  surroundfing  air  is  continually  counteracted. 

We  have  seen  in  the  preceding;  lecture,  that  the  transformations  of 
which  starch  and  gum  are  susceptible,  take  place  with  greater  certainty 
and  rapidity  under  the  influence  of  an  elevated  temperature.  It  will 
presently  appear  that  such  transformations  are  also  affected  during  ger- 
mination ;  there  is  reason,  therefore,  to  believe  that  the  external  warmth 
which  is  required  in  order  that  germination  may  begin,  as  well  as  the 
internal  heat  naturally  developed  as  germination  advances,  are  both 
employed  in  effecting  these  trausformauons.  And,  as  the  young  sprout 
shoots  more  rapidly  under  the  influence  of  a  tropical  sun,  it  is  probable 
that  those  natural  agencies  iti  general,  by  which  such  chemical  transfor- 
mations are  most  rapidly  promoted,  are  also  those  by  which  the  pro- 
gress of  vegetation  is  in  the  greatest  degree  hastened  and  promoted. 

3^.  It  has  been  observed  that  seeds  refuse  to  germinate  if  they  are  en- 
drely  excluded  from  the  air.  Hence  seeds  wliich  aro  buried  beneath 
such  a  depth  of  soil  that  the  atmospheric  air  cannot  reach  them,  will 
remain  long  unchanged,  evincing  no  signs  of  life— and  yet,  when  turned 
up  or  brought  near  the  surface,  will  speedily  begin  to  sprout.  Thus  in 
trenching  the  land,  or  in  digging  deep  ditches  and  drains,  the  farmer  is 
often  surprised  to  find  the  earth,  thrown  up  from  a  depth  of  many  feet, 
become  covered  with  young  plants,  of  species  long  extirpated  from  or 
but  rarely  seen  in  his  cultivated  fields. 

4°.  Yet  light  is,  generally  speaking,  prejudicial  to  germination. 
Hence  the  necessity  oTcovervig  the  seed,  when  sown  in  our  gardens  and 
com  fields,  and  yet  of  not  so  far  burying  it  that  the  air  shall  he  excluded. 
In  the  usual  method  of  sowing  broad-cast,  much  of  the  grain,  even  after 
harrowing,  remains  uncovered;  and  the  prejudicial  influence  of  light  in 
preventing  the  healthful  germination  of  such  seeds  is  no  doubt  one  rea- 
son why,  by  the  method  of  dibbling,  fewer  seeils  are  observed  to  fail,  and 
an  equal  return  of  corn  is  obtained  from  a  much  smaller  expenditure  of 
seed. 

The  reason  why  light  is  prejudicial  to  germination,  as  well  as  why 
the  presence  of  atmospheric  air  is  necessary,  will  appear  from  the  fol- 
lowing observation  :— 

6^.  When  seeds  are  made  to  germinate  in  a  limited  ponkm  of  atmoe- 
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pheric  air,  the  bulk  of  the  air  undergoes  no  material  alteraiioD«  but  on 
examination  ita  oxygen  is  found  to  have  diminished,  and  carbonic  acid 
to  have  laken  its  place.  Therefore,  duru^g  germination^  seeds  absorb 
oxygen  gas  and  give  off  carbonic  add* 

Hence  it  is  easy  to  undeniand  why  the  preaence  of  air  is  peeesaary 
to  germination,  and  why  seeds  refuse  to  sprout  in  hydrogen,  nitrt^n, 
or  carbonic  acid  gases.  They  cannot  sprout  unless  oxygen  be  withm 
their  reach. 

We  have  seen  also  in  a  previous  lecture  that  the  leaves  of  plants  in 
the  sunshine  give  off  oxygen  gas  and  absorb  carbonic  acid,— while  in 
the  dark  the  reverse  takes  place.  So  it  is  with  seeds  which  have  begun 
to  germinate.  When  exposed  to  the  light  they  give  off  oxygen  instead 
of  carbonic  acid,  and  thus  the  natural  process  is  reversed,  but  it  is  ne- 
cessary  to  the  growth  of  the  young  germ,  that  oxygen  should  be  absorb- 
ed, aud  carbonic  acid  given  of— and  as  this  can  take  place  to  the  requir- 
ed extent  only  in  the  dark,  the  cause  of  the  prejudicial  action  of  liglit  is 
sufficienily  apparent  as  well  as  the  propriety  of  covering  the  seed  with  a 
thin  layer  of  soil. 

6^.  During  germination,  vinegar  (acetic  acid)  and  diastase  are  pro- 
duced. That  such  is  the  case  in  regard  to  the  latter  substance,  has  been 
proved  in  the  previous  lecture,  (p.  116.)  That  acetic  acid  is  formed  is 
shown  by  causing  seeds  to  germinate  in  |)owdered  chalk  or  carbonate  of 
lime,  when  after  a  time  acetate  of  lime^  may  be  washed  out  from  the 
chalk  (Braconnot)  in  which  they  have  been  made  to  grow.  The  acid 
contained  in  this  acetate  must  have  been  formed  in  the  seed,  and  after- 
wards excreted  or  thrown  out  into  the  soil. 

7^.  When  the  germ  has  shot  out  from  the  seed  and  attained  to  a  sen- 
sible length,  it  is  ibund  to  be  possessed  of  a  sweet  taste.  This  taste  is 
owing  to  the  presence  oi  grape  sugar  in  the  sap  which  has  already  be- 
gun to  circulate  through  its  vessels. 

It  has  not  been  clearly  ascertained  whether  the  vinegar  or  the  dias- 
tase is  first  produced  when  germination  commences,  but  there  seems 
little  doubt  that  the  grape  sugar  is  formed  subsecjuently  to  the  appear- 
ance of  both. 

8^.  The  young  shoot  which  rises  upwards  from  the  seed  consists  oi 
a  mass  of  vessels,  which  gradually  increase  in  length,  and  after  a  short 
time  expand  into  the  first  true  leaves.  The  vessels  of  this  first  slioot  do 
not  consist  of  unmixed  woody  fibre.  It  is  even  said  that  no  true  wood 
is  farmed  till  the  first  true  leaves  are  developed.^[Liad]ey^B  Theory  of 
HorticuUure.]  The  vessels  of  the  young  sprout,  therefore,  and  of  the 
early  radicles,  probably  consist  of  the  ceUuiar fibre  of  Payen.  They 
are  unquestionably  tbrined  of  a  substance  which  is  in  a  state  of  transition 
between  starch  or  sugar  and  woody  fibre,  and  which  has  a  constitution 
analogousf  \o  that  of  both. 

Having  thus  glanced  at  the  phenomena  which  attend  upon  gennina- 
tion,  let  us  now  consider  the  chemical  changes  by  which  these  plienora- 
ena  are  accompanied. 

1°.  The  seed  absorbs  oxygen  and  gives  off  carbonic  acid.    We  have 

*  A€9Uat  qflimt  if  a  compoond  of  acetic  acid  (Tinefar)  and  Ume,  and  may  b«  prepandby 
dlaaoWloccbalktaTlaegar.    It  i«  tery  aotuble  la  water.  /       r    r-       / 

tByafMli«9MlmMB«bicbBMylMnpnMitt0dbyeuboa«adwMlsr.    ^^^ 
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alfeady  seen  that  the  starch  of  ifae  seed  (Co  H,o  Oi«)  may  be  repre- 
sented by  carbon  and  water,^— by  12C  4*  lOUO.  Now  it  appears  that 
in  coniaet  with  the  oxygen  of  the  atniosphere,  a  portion  of  the  starch  is 
actually  separated  into  carbon  and  water,  the  carbon  at  the  monient  of  sepa- 
ration uniting  with  the  oxygen,  and  forming  carbonic  acid  (CO,).  This 
acid  is  given  oif  into  the  soil  in  the  form  of  gas,  and  thence  panially  es- 
capes into  the  air;  but  for  what  immediate  purpose  it  is  evolved,  or  how 
its  formation  is  connected  with  the  further  development  of  the  germ,  has 
not  hitherto  been  explained. 

2^.  The  formation  of  acetic  acid  (vinegar)  from  the  starch  of  the 
grain  is  also  easy  to  comprehend.    For,  as  we  have  already  seen, 
Stabcu  .  .  .  =Cifl  H  0  Oio 

3  of  VlNEGAK    .   .  =  Cia  Hp     Og 

Difierence  =  Hi  Of ;  or  the  elements  of 
an  atom  of  water.  Therefore,  in  this  early  stage  of  the  growth  of  the 
germ  a  portion  of  the  starch  is  deprived  of  the  elements  of  an  atom  of 
water,  and  at  the  same  time  transformed  into  vinegar. 

Why  is  this  vinegar  formed?  It  is  almost  as  difficolt  to  answer  this 
question  as  to  say  why  carbonic  acid  is  evolved  from  the  seed,  though 
both  undoubtedly  serve  wise  and  nseful  ends. 

It  has  been  explained  in  the  preceding  lecture  how  the  action  of  dilute 
acids  gradually  changes  starch  into  cane  sugar,  and  the  latter  into  grape 
sugar.  While  it  remains  in  the  sap  of  (he  sprouiing  seed,  the  vinegar 
may  aid  the  diastase  in  transforming  the  insoluble  starch  into  soluble 
food  for  the  plant,  and  may  be  an  instrument  in  securing  the  conversion 
of  the  cane  sugar,  which  is  the  first  formed,  into  grajfe  sugar,— since 
cane  sugar  cannot  long  exist  in  the  presence  of  an  acid. 

After  the  acetic  acid  is  rejected  by  the  plant,  it  may  act  as  a  solvent 
on  the  lime  and  other  earthy  matters  contained  in  the  soil.  Liebig  sup- 
poses the  especial  function  of  this  acid— the  reason  why  it  is  formed  in 
the  germ  and  excreted  into  the  soil— to  be,  to  dissolve  the  lime,  &c.,  which 
the  soil  contains,  and  to  return  into  the  pores  of  the  roots,  bearing  in  so- 
lution the  earthy  substances  which  the  plant  requires  for  its  healthy 
growth.  This  is  by  no  means  an  unlikely  function.  It  is  only  conjec- 
tural, however,  and  since  the  experiments  of  Braconnot  have  shown  that 
acetate  oflimet  even  in  small  quantity,  may  be  injurious  to  vegetation, 
it  becomes  more  doubtful  how  far  the  formation  of  this  compound  in  the 
soil,  and  the  subsequent  conveyance  of  it  into  the  circulation  of  the  plant, 
can  be  regarded  as  the  special  purpose  for  which  acetic  acid  is  so  gene- 
rally produced  during  germination. 

3^.  The  early  sap  of  the  young  shoot  is  sweet ;  it  coniains  grape  su- 
gar. This  sugar  is  also  derived  from  the  starch  of  the  seed,  fieing 
rendered  soluble  by  the  diastase  formed  at  the  base  of  the  germ,  the 
starch  is  gradually  converted  into  grape  sugar  as  it  ascends.  The  rela- 
tion .between  these  two  compounds  has  been  already  pointed  out. 

Starch =C,9UioO,o 

Geapk  SueAK    .    .    .    =CiaH,,Oi3 

Difference  ,    .    .    .    =  H,    O,;  or  the  ele- 

ments of  two  atoms  of  water.    The  water  which  is  imbibed  by  the  seed 
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from  the  soil,  forms  an  abundant  sooroe  from  whkh  the  whole  of  cbe 
starch,  rendered  aoluble  by  the  diastase,  can  be  supplied  with  the  ele- 
ments of  the  two  atoms  of  water  which  are  necessary  to  its  subsequent 
conversion  into  grape  sugar 

4°.  The  diastase  is  formed  when  the  seed  beains  to  sproutt  at  the  ex- 
pense of  the  gluten  or  vegetable  albumen  of  the  seed,  but  as  its  true 
constitution  is  not  yet  known,  we  cannot  explain  the  exact  chemical 
changes  by  which  its  production  is  efTected. 

5°.  When  the  true  leaf  becomes  expanded,  true  wood  first  appears 
in  sensible  quantity.  By  what  action  of  the  sun's  rays  upon  the  leaf 
the  sugar  already  in  solution  in  the  sap  is  converted  into  woody  fibre, 
we  cannot  explain.  The  conversion  itself  is  in  appearance  simple 
enough,  since 

Grape  SuoAX    .    •    .    =  C|,  H,,  Oi,,  and 
WOODT  FlBRK   .     .     .     =sC,,  H,    O, 

Difference  .  .  •  .  ss  H4  O4;  or  the  former 
must  part  with  the  elements  of  four  atoms  of  water  only,  to  be  prepared 
for  its  change  into  the  latter.  But  the  true  nature  of  the  molecular^ 
change  by  which  tlits  transformation  is  brought  about,  as  well  as  the 
causes  which  lead  to  it  and  the  immediate  instruments  by  which  it  is 
efiected,  are  all  still  mysterious. 

%  2.  Of  the  chemical  changes  which  take  place  from  the  formation  of  the 
true  leaf  to  the  expansion  of  the  flower. 

When  the  true  leaf  is  formed  the  plant  has  entered  upon  a  new  stage 
of  its  existence.  Up  to  this  time  it  is  ixiurished  almost  solely  by  the 
food  contained  in  the  8ced,^t  henceforth  derives  its  sustenance  fiom  the 
air  and  from  the  soil.  The  apparent  mode  of  growth  is  the  same,  the 
stem  shoots  upwards,  the  roots  descend,  and  they  consist  essentially  of 
the  same  chemical  substances,  but  they  are  no  longer  formed  at  the  ex- 
pense of  the  starch  of  the  seed,  and  the  chemical  changes  of  which  they 
are  the  result  are  entirely  dilferent. 

1^.  The  leaf  absorbs  carbonic  acid  in  the  sunshine,  and  gives  oflT  ox- 
ygen in  equal  bulk.f  It  is  in  the  light  of  the  sun  that  plants  increase  in 
size-^Hheir  growth,  therefore,  is  intimately  connected  wiili  this  absorp- 
tion of  carbonic  acid. 

If  carbonic  acid  be  absorbed  by  the  leaf  and  the  whole  of  its  oxygen 
given  off  attain^  carbon  alone  is  added  to  the  plant  by  this  function  of 
the  leaf.  But  it  is  added  in  the  presence  of  the  water  of  the  sap,  and 
thus  is  enabled  by  uniting  with  it  10  form,  as  it  may  be  directed,  or  as 
may  be  necessary,  any  one  of  those  numerous  comi)ound8  which  may 

•  AUbo(!le«  are  supposed  lo  consist  of  particles  or  mofeeu^es  of  exceeding  minnteneia, 
uid  All  chemical  chRnres  which  i>ike  place  In  the  same  mass  of  matter  are  Ritpposed  to  be 
owfnf  10  ilie  differeiii  ways  in  which  these  paiticles  arranse  Uiemselvea.  Wo  may  form  a 
remote  idea  of  the  way  in  which  different  positions  of  the  same  particles  may  produce  dif* 
foreot  sutMtanees,  by  considering  how  different  flgares  in  Mosaic  may  be  pn>daccd  by  dif- 
ferent arranf ements  of  the  same  number  of  equal  and  similar  frsffmeols  onrarious  coloara. 

t  Bueh  is  tensiA/y  the  result  of  erpsrimant.  How  tar  this  retolt  can  be  considered  as  uoi* 
venally  true,  will  be  examined  hereafter 

I  It  will  be  recollected  that  carbonic  acid  contains  Its  own  bulk  of  oxygen  gas :  If,  therefore, 
the  leaf  give  off  the  same  bulk  of  oxygen  as  it  absorbs  of  carbonic  acid,  the  result  must  be  as 
**"*M  In  lh6  teJiL 

uigmzeu  oy  x_j  vy^/'i  i\^ 
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be  refireaented  by  carbon  and  water,  (p.  Ill,)  and  of  which,  as  we  have 
eeen,  the  solid  parts  of  plants  are  chiefly  made  np. 

There  are  two  ways  in  which  we  may  suppose  the  oxygen  given  off* 
by  the  leaf  to  be  set  free,  and  the  starch,  su^r,  and  gum,  to  be  snbse- 
qaently  formed. 

A.  The  action  of  light  on  the  leafof  the  plant  may  directly  deoompote 
ike  carbonic  acid  after  it  has  been  absorbed,  and  cause  the  oxyen  to  sep- 
arate from  the  carbon,  and  escape  info  the  air  ;«^while  at  the  same  in- 
stant the  carbon  thus  set  free,  may  nnite  with  the  water  of  the  sap  in 
different  proportions,  so  as  to  proiduce  either  sugar,  gum,  or  starch. 
Sappose  12  atoms  of  carbonic  acid  (12  CO 2)  to  be  thus  decomposed,  and 
thmr  carbon  to  unite  with  10  of  water  (10  nO),  we  should  have 

from  12  of  Carbo!?ic  Acid  .  ss  C,2 

which  united  to  10  of  Watba     .    .    .  =  Hfo  O|o 

would  give  1  of  Gum  or  of  Cane  SuoAa  =s  Cig  Hto  Oio 
while  24  of  oxygen  would  be  given  off*,  tke  vahole  of  which  would  have 
been  derived  from  the  carbonic  acid  absorbed  by  the  plant. 

B.  Or  the  action  of  the  son's  rays  may  be  directed,  in  the  leaf,  to  tbe 
decompontion^  not  of  carbonic  aeid^  but  of  (he  waUr  of  the  sap.  T  he  oxy- 
gen of  the  water  may  be  separated  from  the  hydrogen,  while  at  the  same 
instant  the  latter  element  (hydrogen)  may  unite  with  the  carbonic  acid 
to  produce  the  sugar  or  starch.  The  result  here  is  the  same  as  before, 
but  tbe  mode  in  which  it  is  brought  about  is  very  dtff*erently  represented, 
and  appears  much  more  complicated.  Thus,  suppose  24  of  water 
(24  HO)  to  be  decomuosed,  and  to  give  off* their  oxygen  into  the  air,  24  of 
oxygen  would  be  evolved  as  in  the  former  case,  the  whole  oS  which  would 
be  derived  from  the  decomposition  of  water,  while  there  would  remain 

24  of  Htdboobn  .    .  =  H  , 

Let  this  act  on  12  of  Carbonic  Acid  =  0,,  0,4 

and  we  have  as  the  result Cj,  H24  0,4 ; 

Starch,  Ac.  Water. 

or  C,,  H,«  O^o  +  14 HO. 

According  to  this  mode  of  representing  the  chemical  changes,  water  is 
first  decomposed  and  its  oxygen  evolvM,  then  its  hydrogen  again  com- 
bines with  the  carbon  and  oxygen  of  the  carbonic  acid,  and  forming  two 
products— water  and  sugar  or  starch.  This  view  is  not  only  more  com- 
plicated, but  it  supposes  the  same  action  of  light  to  be— cnotinually,  at 
the  same  time,  and  in  the  same  circumstances — both  decomposing  wa- 
ter and  re-forming  it  from  its  elements.  While,  therefore,  there  can  be 
no  doubt,  for  other  reasons  not  necessary  to  be  stated  in  this  place,  that 
the  light  of  the  sun  really  does  decompose  water  in  the  leaves  of  plants, 
and  more  in  some  than  in  others— yet  it  appears  probable  that  the  oxygen 
evolved  by  the  leaf  is  derived  in  a  great  measure  from  the  carbonic  acid 
which  is  absorbed ;  and  that  the  principal  part  of  the  solid  substance  of 
living  vegetables,  in  so  far  at  least  as  it  is  derived  from  the  air,  is  pro- 
duced by  the  union  of  the  carbon  of  this  acid  with  the  elements  of  the 
water  in  the  sap.* 

"  I  ought  not  to  jmm  omioliced  the  optanion  of  Pereos  (GAetrne  IMecMtotre).  timt  the 
itarcb,fllll^Ac.,o^pIanUa^etanMrih7lte«MliOllof«»p^  
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We  have  aeen  reaaon  to  ooocluda  (p.  63)  that,  while  i^anta  derive 
much  of  their  BustenaDce  ffom  the  air,  they  arealaofed  more  or  lest 
abundantly  by  the  soil  in  which  they  grow.  Fn>m  this  soil  they  ob- 
tain through  their  roots  the  carbonic  acid  which  is  continually  given  off 
by  the  decaying  vegetable  nnatter  it  contains.  This  carbonic  acid  will 
ascend  to  the  leaf,  and  will  there  undergo  decomposition  along  with  that 
which  is  absorbed  by  the  leaf  itself.  At  least  we  know  of  no  functioo 
of  the  root  or  stem  by  which  the  carbonic  acid  derived  from  the  soil  can 
be  decomposed  and  deprived  of  its  oxygen  before  it  reaches  the  leaf. 

It  is  distinctly  statea,  indeed,  by  Sprengel,  [see  above,  p.  93,]  that 
when  the  roots  of  a  plant  are  in  the  presence  of  carbonic  acid,  the  oxy- 
gen given  oflT  by  the  leaf  is  greater  in  bulk  than  the  carbonic  acid  ab- 
sorb^. But  there  is  one  observation  in  connection  with  this  point  which 
it  seems  to  me  of  importance  to  make.  The  leaves  supply  carbon  to 
the  plant  only  in  the  form  of  carbonic  acid,  and  they  give  off  a  bulk  of 
oxygen  gas  not  exceeding  that  of  the  acid  taken  in,  [see  note,  below.] 
But  if  the  carbon  derived  from  the  soil  be  also  absorbed  in  the  form  of 
carbonic  acid,  and  if  the  oxygen  contained  in  this  portion  of  acid  is  also 
given  oflfby  the  leaf— -either  the  quantity  drawn  from  the  soil  must  be 
small,  compared  with  that  inhaled  from  the  air,  or  the  oxygen  given  off 
by  the  leaf  must,  in  the  ordinary  course  of  vegetation,  be  sensibly  great- 
er than  the  bulk  of  the  carbonic  acid  which  it  absorbs. 

We  are  too  little  familiar  with  the  chemical  functions  of  the  several 
parts  of  plants  to  be  able  to  pronounce  a  decided  opinion  on  this  point ; 
out  it  appears  evident  that  one  or  other  of  the  three  following  conditions 
must  obtain : — 

(a).  Either  in  the  general  vegetation  of  the  globe  the  bulk  of  the  oxy- 
gen gas  given  off  by  the  leaf  during  the  day  must  always  be  considera- 
bly greater  than  that  of  the  carbonic  acid  absorbed  by  it;  or 

(6).  The  root  or  stem  must  have  the  power  of  decomposing  carbonic 
acid  and  of  separating  and  setting  free  its  oxygen  ;  or 

(c).  The  plant  can  derive  no  considerable  portion  of  its  carbon  from 
the  soil,  in  the  form  of  carbonic  acid. 

If  the  experiments  hitherto  made  by  the  vegetable  physiologists  be 
considered  of  so  decisive  a  character  as  to  warrant  us  in  rejecting  the 
two  Sarmer  conditions,  the  third  becomes  also  untenable. 

wary  proportions  ofozrcen  and  hydrogen  daiired  from  the  water  of  the  sap.    Thia  opinion 
Iffipllee  that,  in  the  leftCcarbonle  acldCCOt )  ia  decompoaed  into  caitonic  oxide  and  ozj' 


fen  (CO  -f  O),  and  that  water  likewlM  la  deoompoaed.— the  oxyrw  prodaeed  by  both  de< 
compoeltiona  being  given  off  either  into  the  air  by  (he  leavea,  or  uiio  the  mil  by  ihe  roota. 
The  production  ofgrape  augar,  therefore,  accordlm  to  this  hypotheala,  would  be  thua  r^pn- 


compoeltiona  being  given  off  either  into  the  air  by  (he  leavea,  or  uiio  the  mil  by  ihe  roota. 

~  production  ofgrape  augar,  therefore,  accordlm  to  this  hypotheala,  would  be  thua  n 

kJ  :—  There  are  retained,         and  given  off 

Proml2ofCAEBONic  AciD  =  12COa   •    •    -    Cia       O13  O19 

Froml2ofWATBB-    •    •    =12UO     ...  Hit  O13 


Ci3  Hit  Oi3  Om 

grape  augar 


^  Of  Uie  2i  of  oxyien  thus  given  off;  the  opinion  of  Peraoi  la,  that  only  one-half  la  evolved 
by  the  leaf,— and  theprincip«l  fact  on  which  hla  opinion  1         ■     ■       ■  . .    -.    - 


,j        , ^ J  reata  la  that  observed  by  De  Saua- 

sure,  that  plants  of  Fineo  minor  gave  off  by  (heir  leavea,  in  his  experlmenta,  only  two-thirds 
of  the  oxygen  contained  in  the  caitooic  add  they  abaorbed.  This  result  liaa  led  Bersellue 
also  to  conjecture  that  the  leavea  of  planta  do  not  retain  merely  the  carbon  of  the  carbonic 
acid,  but  some  compound  of  carbon  with  oxygen,  containing  much  le«s  of  this  element  than 
the  carbonic  acid  does  (7V<b7^  dc  ^  "  "'  —  "" 
liowever,  is  the  quaotlty  of  ozyaei 
00  whioh  ttis  fMiidMi  nqolMM 

uigmzeu  oy  x^j  vy^z-x  iv 


rbon  with  oxygen,  containing  much  leM  of  this  element  than 
de  Chemie,  V.,  p.  69).  The  principal  objection  to  thia  view, 
gen  It  aupposes  to  be  rejected  by  the  nou  The  experimants 
<wiiflnpaiioa  sad  axtswlos 
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3^.  Without  dwelling  at  present  on  thi$  point,  the  above  considera- 
tions may  be  regarded  as  giving  additional  strength  or  probability  to  the 
conclusions  we  formerly  arrived  at  (p.  63)  from  other  premises^that 
*he  roots,  besides  carbonic  acid,  absorb  certain  other  soluble  organic 
conifX)unds,  which  are  always  present  in  the  soil  in  greater  or  less 
quantity,  and  that  the  plant  appropriates  and  converts  these  into  its  own 
substance.  Some  of  these  organic  compounds  may  readily,  and  by  ap- 
parently simple  changes,  be  transformed  into  the  starch  and  woody  fibre 
of  the  living  vegetable.  The  illustration  of  tliis  fact  will  be  reserved 
until,  in  the  second  part  of  these  lectures,  I  come  to  treat  of  the  vegeta- 
ble portion  of  soils,  and  of  the  chemical  nature  and  constitution  of  the 
organic  compounds  of  which  it  consists,  or  to  which  it  is  capable  of  giv- 
ing rise. 

4°.  The  chemical  changes  above  explained  (a),  show  how,  from 
carbonic  acid  and  the  elements  of  water,  substances  possessed  of  the 
elementary  constitution  of  sugar  and  gum  may,  by  the  natural  processes 
of  vegetable  life,  obtain  the  elements  of  which  they  consist,  and  in  the 
requisite  proportions.  They  throw  no  light,  however,  upon  the  me- 
chanism by  which  these  elements  are  constrained,  as  it  were,  to  assume 
first  the  form  of  gum  or  sugar,  or  soluble  starch,  and  aJUrwardf^  in 
another  part  of  the  plant,  of  insoluble  starch  and  woody  fibre. 

It  is  known  that  the  sap  deposits  starch  and  woody  fibre  in  the  stem, 
odIv  in  its  descent  from  the  leaf,—- and  it  is,  therefore,  inferred  tfiat  the 
action  of  light  upon  the  sap,  as  it  passes  through  the  green  parts,  is  ne- 
cessary to  dispose  the  elements  to  arrange  themselves  in  the  form  of 
vascular  fibre  or  lignin.  And  as,  by  the  agency  of  nitric  acid,  starch 
appears  to  be  convertible  into  woody  fibre  (p.  126),  it  is  not  unlikely 
that  the  soluble  substances,  containing  nitrogen,  which  are  present  in 
the  sap  may— as  diastase  does  upon  starch— exercise  an  agency  in  trans- 
forming the  soluble  sugar,  gum,  dec.,  of  the  sap  into  the  insoluble  starch 
and  wmdy  fibre  of  the  seed  and  the  stem.  We  are  here,  however,  upon 
uncertain  groand,  and  I  refrain  from  advancing  any  further  conjectures. 

Two  great  steps  we  have  now  made.  We  have  seen  how  the  germ 
lives  and  grows  at  the  expense  of  the  food  stored  up  in  the  seed—and 
how,  when  it  has  obtained  ruots  and  leaves,  the  plant  is  enabled  to  ex- 
tract from  the  air  and  from  the  soil  such  materials  as,  in  kind  and  quan- 
tity, are  fitted  to  build  up  its  several  parts  during  its  future  growth. 
That  considerable  obscurity  still  rests  on  the  details  of  what  takes  place 
in  the  interior  of  the  plant,  does  not  detract  from  the  value  of  what  we 
have  already  been  able  to  ascertain. 

§  3.  On  the  production  of  oxalic  acid  in  the  leaves  and  stems  of  plants. 

In  the  preceding  section  we  have  studied  the  origin  of  those  sub- 
stances only  which  form  the  chief  bulk  of  the  products  of  vegetation, 
and  which  are  characterized  by  a  chemical  constitution  of  such  a  kind 
as  enables  them  to  be  represented  by  carbon  and  water.  But  during 
the  stage  of  vegetable  growth  we  are  now  considering,  other  compounds 
totally  difierent  in  their  nature  are  also  produced,  and  in  some  plants  in 
Butficieut  quantity  to  be  deserving  of  a  separate  consideration.  Such  is 
the  case  with  oxalic  acid. 

The  circumstances  under  which  this  acid  occurs  in  nature  have  al- 
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ready  been  detailed.  It  is  found  in  amall  qu amines  in  many  plants. 
The  potash  in  forest  trees  is  supposed  to  be  in  combinatioo  with  oxalic 
acid,  while  in  the  lichens  oxalate  of  lime  serves  a  purposeumilar  toihat 
performed  by  the  woody  fibre  of  the  more  perfect  plant ;  it  fbrras  ifae 
skeleton  by  which  the  vegetable  structure  is  supported,  and  through 
which  its  vascular  system  is  diffused. 

The  production  of  this  acid  in  the  living  plant  is  readily  understood 
when  its  chemical  constitution  (C^  O3)  is  compared  with  that  of  car- 
bonic acid  (CO3).     For 

2  of  CARBoif ic  Acid  =  C3  O4 

1  of  Oxalic  Acid      =  C,  O3 

Difference     .     .     .    O] 

That  is  to  say,  2  of  carbonic  acid  are  transformed  into  1  of  oxalic  acid 
by  the  loss  of  1  equivalent  of  oxygen— «r  generally,  carbonic  acid  6y  the 
loss  of  one-fourth  of  its  oxygen  may  heconverted  into  oxalic  acid. 

But  the  leaf  absorbs  carlK>nic  acid  and  gives  off  oxygen,  in  the  lichens, 
therefore,  which  contain  so  much  oxalic  acid,  a  large  |)ortion  of  the  car- 
bonic acid  absorbed  is,  by  the  action  of  light,  deprived  of  only  one-fourth 
of  its  oxygen,  and  is  thus  changed  into  oxalic  acid.  The  same  is  true  to 
a  smaller  extent  of  the  sorrel  leaves  and  stems,  which  owe  their  sour- 
ness to  the  presence  of  oxalic  acid— ^  the  leaves  and  stems  of  rhubarb 
also— in  a  siill  smaller  degree  of  the  beech  and  other  large  trees,  in 
which  much  potash,  and  probably  also  of  marine  plants,  in  which 
much  soda  is  found  to  exist.  It  must  be  owing  to  the  peculiar  structure 
of  the  leaves  of  each  genus  or  natural  order  of  plants,  that  the  same  ac- 
tion of  the  same  light  decomposes  the  carbonic  acid  in  different  degrees 
—evolving  in  some  a  less  proportion  of  its  oxygen,  and  causing  ia  such 
plants  the  formation  of  a  larger  quantity  of  oxalic  acid. 

The  fact  of  the  production  of  this  oxalic  acid,  to  a  very  considemble 
amount  in  many  plants,  is  a  further  proof  of  the  uncertainty  of  those 
experiments  from  which  physiologists  have  concluded  that  the  leaves 
of  plants  emit  a  bulk  of  oxygen  sensibly  equal  to  that  of  the  garbonic 
acid  absorbed.* 

I  have  referred  the  production  of  more  or  less  oxalic  acid  in  different 
plants  to  the  special  structure  of  each,  and  this  must  be  true,  where,  in 
the  same  circumstances,  different  results  of  this  kind  are  observed  to 
take  place— as  where  sorrels  and  sweet  clovers  grow  side  by  side.  Yet 
the  influence  of  light  of  different  degrees  of  intensity  on  the  same  plant, 
is  beautifully  shown  by  the  leaves  of  the  Semperviyum  arboreum,  of  the 
Portulacaria  afra,  and  other  plants  which  are  sour  in  the  mornings  tasteless 

'  Wero  wo  permlKefl,  in  the  absence  of  decisive  experiments,  to  atate  as  Irae  what  tlieo> 
rettcal  considerationa  plainly  indicate,  we  should  aaT— 

1®.  Tliat  plants  containing  mud)  oxalic  or  otl)er  simliar  arids,  and  not  derivinf  much  car- 
bonic auirl  from  the  soil,  must  give  off  from  their  leaves  a  bullc  of  oxygen  lent  than  thai  ofUia 
carhrioic  acid  absorbed. 

go.  That  plants  containing  no  sensible  quantity  of  such  acids,  nor  fed  hj  carboolc  acid 
"S?  *ii5  **'!?  '°*J'  evolve  oxygen  sensibly  equal  in  bullc  to  the  CArbonic  acid  absorbed. 

8°.  That  If  Mule  of  these  actda  be  preiienr,  and  much  carbonic  acid  be  absorbed  from  the 
soil,  tlie  volume  of  oxygen  given  off  by  the  green  paru  of  the  plant  must  be  sensibly  greater 
thanihatofihecarbonicftcjdihcy  absorb.  ^  »-  j« 

4°.  That  the  leaves  of  the  pines  and  other  tr^cs  containing  much  Inrpenllne— 4a  which 
nydrogen  Is  in  excess— must  at  all  limes  give  off  oxyira  In  greater  bulk  tlian  iha  earbonic 
acid  Uiey  absorb.  They  must  decomposs  water  as  well  as  carbonic  add,  and  evolve  the 
oxygen  of  both. 


ACTIOZr  OF  THE  n.OWBA  hZAVEB  OCT  THE  AIR.  139 

in  (he  middle  of  the  day^  and  hitter  in  the  evening, — [Sprenge  ,  Chemief 
II.,  p.  321 .]  During  (he  night  the  oxygen  has  accumulated  in  tliese  plants 
and  formed  acids  containing  oxygen  in  excess  (p.  127.)  As  the  day  ad- 
vances this  oxygen  is  given  off;  under  the  indaence  of  light  the  acids  are 
decomposed,  and  the  sourness  disappears. 

In  the  juices  of  fdants  before  the  period  of  fioweriDg,  other  acids  are 
met  with  besides  the  oxalic  acid,  though  in  much  smaller  quantity.  As 
the  most  important  of  these,  however,  occur  more  abundantly  in  froits, 
we  shall  consider  the  theory  of  their  formation  in  the  following  section. 

§  4.  Of  the  chemical  changes  which  take  place  hetioeen  the  opening  of  the 
JUnoer  and  the  ripening  of  the  fruit  or  seed. 

The  opening  of  the  flower  is  the  first  and  most  striking  step  taken  by 
the  plant  towards  the  production  of  the  seed  by  which  its  species  is  to  be 
perpetuated.  That  at  this  period  a  new  seriesof  chemical  changes  com- 
mences in  the  plant  is  obvious  from  the  following  facts  :— 

1^.  That  the  flower  leaves  absorb  oxygen  end  emit  carbonic  acid  both 
by  day*  and  by  night  (p.  95.) 

2^.  That  they  also  occasionally  eaait  pure  nitrogen  gas. 

3^.  That  the  juice  of  the  maple  ceases  to  be  sweet  when  the  flowers 
are  matured  (Liebig,)  and  that,  in  the  sugarcane  and  beetroot,  the  sugar 
becomes  less  abundant  when  the  plant  has  begun  to  blossom. 

These  facts  sufficiently  indicate  the  commencement  of  new  changes 
in  the  interior  of  plants  at  this  period  of  their  growth.  That  such  changes 
go  on  until  the  ripening  of  the  seed  is  also  evident  from  these  further  oh- 
servaHons  :— 

1°.  That  the  husk  of  the  future  seed,  as  in  the  corn-bearing  grasses 
(wheat,  oats,  &c.,)  is  filled  at  first  with  a  milky  liquid,  which  b^somes 
gradually  sweeter  and  more  dense,  and  finally  consolidates  into  a  mix- 
ture of  starch  and  gluten,  such  as  is  presented  >y  the  flour  of  difierent 
i^cies  of  com. 

2^.  That  the  fruit  in  which  the  seeds  of  many  plants  is  enveloped  is 
at  first  tasteless,  afterwards  more  or  less  sour,  and  finally  sweet.  In  a 
few  fruits  only,  as  in  I  he  lime,  the  lemon,  and  the  taroannd,  does  a  suf- 
ficient quantity  of  acid  remain  to  be  sensible  to  the  taste,  when  the  seed 
has  become  perfectly  lipe.  The  acid  and  cellular  fibre  both  diminish 
while  the  sugar  increases. 

3°.  That  fruits,  while  green,  act  upon  the  idr  like  the  green  leaves  and 
twigs — but  that,  as  they  approach  maturity,  they  also  absorb  or  retain 
oxygen  gas  (De  Saussure.)  The  same  absorption  of  oxygen  takes  place 
when  unripe  fruits  are  plucked  and  led  lo  ripen  in  the  air  (Berard.) 
After  a  time  the  latter  also  emit  carbonic  acid. 

I. — FORMATIOir  OF  THE  SEED. 

In  the  case  of  wheat,  barley,  or  other  plants,  which  yield  farinaceous 
seeds,  we  have  seen  that  previous  to  flowering  the  chief  energy  of  the 
living  plant  is  expended  in  the  production  of  the  woody  fibre  of  which 
its  stem  and  growing  branches  mainly  consist;  and  we  have  also  been 
able  to  understand,  in  some  degree,  how  this  woody  fibre  is  produced 
from  the  ordinary  food  of  the  plant.     When  the  flower  expands,  how- 

*  B7  daj  the  tbaorptkin  is  the  greater,  bat  ttio  bulk  of  the  vxjgta  ttkm  in  la  alwiys 
greater  Uibd  that  of  Uie  cartwnic  acid  giTeo  ofll  uiymzeu  uy  ^j  w  v^^  l>^ 
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ever,  the  plant  has  in  genera),  and  especially  if  an  annual  plant,  reached 
nearly  to  maturity,  and  woody  fibre  is  little  required.  The  most  im- 
portant of  its  remaining  functions  is  the  production  of  the  starch  and  gla- 
ten  of  the  seed,  and  of  the  substances  which  tbrm  the  husk  by  which  the 
seed  is  enveloped. 

In  the  first  stages  of  the  plant*s  growth,  the  starch  of  the  seed  is 
transformed  into  gum  and  sugar,  and  subsequently,  when  the  leaves  are 
expanded,  into  woody  fibre.  In  the  last  stages  of  its  existence,  when  it 
is  producinff  the  seed,  the  sugar  of  the  sweet  and  milky  sap  is  gradually 
transformed  into  starch — that  is  to  say,  a  process  exactly  the  convert 
of  the  former  takes  place. 

We  are  able,  in  some  measure,  to  explain  the  mode  and  agency  by 
which  the  former  transformation  is  effected— 4he  latter,  however,  is  siill 
inexplicable.  We  can  ourselves,  by  the  agency  of  diastase,  transform 
stan'h  into  sugar ;  and,  therefore,  can  readily  believe  such  transforma- 
tions to  be  effected  in  the  young  plant  ;-»bnt  we  a»  yet  know  no  method 
of  re-converting  sugar  into  starch  ;  and,  therefore,  we  can  only  hazard 
conjectures  as  to  tlie  way  in  which  this  change  is  brought  about  in  the 
interior  of  the  plant  during  the  formatiqn  of  the  seed. 

It  is  said  that  nitrogen  is  given  off  by  the  flower  leaf.  We  know  that 
this  element  is  present  in  the  colouring  matter  of  the  petal,  and  that  it  is  a 
necessary  constituent  of  the  albumen  and  gluten,  which  are  always  as- 
sociated with  the  starch  of  the  seed.  It  is  plain,  then,  that  the  nitrogene- 
ous  substances  [substances  containing  nitrogen,]  contained  in  the  sap  at 
all  periods  of  the  plant^s  growth,  are  carried  up  in  great  quantity  to  the 
flower  and  seed  vessel.  These  substances  are  supposed  to  be  concerned  as 
immediate  agents  in  effecting  the  transformations  which  there  take  place. 
More  than  this,  however,  we  cannot  as  yet  venture  even  to  conjecture. 

II.— RIFENIMG  OF  THK  FRUIT. 

In  these  plants,  again,  which  invest  their  seed  with  a  pulpy  fruit—in 
the  grape,  the  lemon,  the  apple,  the  plum,  &c.— other  changes  take 
place,  at  this  period,  of  a  more  intelligible  kind,  and  other  substances  ate 
formed,  on  the  production  of  which  less  obscurity  rests.  Atone  stage  of 
their  growth,  these  fruits,  as  has  been  already  stated,  are  tasteless"  in  the 
next,  they  are  sour^-in  the  third,  they  are  more  or  less  entirely  sweet. 

I.  In  the  tasteless  state  ihcy  consist  of  little  more  than  tlie  substance 
of  the  leaf— of  vascular,  or  woody  fibre,  filled  with  a  tasteless  sap,  and 
tinged  with  the  colouring  matter*of  the  green  parts  of  the  plant.  For  a 
time,  this  young  fruit  appears  to  perform  in  reference  to  the  atmosphere 
the  usual  Ainctions  of  the  leaf—- it  absorbs  carbonic  acid  and  gives  oflf  oxy- 
gen, and  thus  extracts  from  the  air  a  portion  of  the  food  by  which  its  growth 
is  promnied,  and  its  size  gradually  increased. 

II.  But  aHer  a  time  this  fruit  becomes  sour  to  the  taste,  and  its 
acidity  gradually  increases — while  at  the  same  time  it  is  observed  to 
give  off  a  less  comparative  bulk  of  oxygen  than  before.  Let  us  consi- 
der shortly  the  theory  of  the  production  of  the  more  abundant  vegetable 
acids  contained  in  fruits. 

1°.  The  tartaric  acid  which  occurs  in  the  grape  is  represented  by 

C4  H,o.  (p.  m). 

There  are  two  ways  in  which  we  may  suppose  this  acid  to  be  formed 
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in  the  fruit— -either  directly  from  tbe  elements  of  carbonic  acid  and  wa- 
ter with  the  evolution  of  oxygen  gas— or  from  the  gum  and  sugar  al<> 
ready  present  in  the  sap  aided  by  tbe  ahsorplwn  of  oxygen  from  the  at** 
moephere.    Thus 

A.  4  of  Carbonic  Acid  r=  C4        O, 
2  of  Water     .    .    =        H,  O, 

Tartaric  Acid. 

Sum    .    .    =64  HjOio  orC4  Hj  O,  +  60. 
That  is,  one  equivalent  of  tartaric  acid  may  be  formed  from  4  of  carbon- 
ic acid  absorbed  by  the  leaf  or  fruit,  and  2  of  the  water  of  the  sap,  while 
5  of  oxygen  are  at  the  same  time  given  off  by  the  leaf.     Or, 

B.  If  Grape  Sugar  be  0^  Hi,  Oi, 

^  of  Grape  Sugar  =  C4    H3    O3 
3ofOxTGRir   .     ,     =  Og 

■  Tulftrio  Acid.        Wftwr. 

Sum    .     .    =  C4    H3    Ofl    or  C4  H,  O,  +  HO. 
Thpt  is,  by  the  absorption  from  the  air  of  a  quantity  of  oxygen  equal  to 
that  which  it  already  contains,  grape  sugar  may  be  converted  into  tar- 
taric acid  and  water. 

In  ihe  sorrels  and  other  sour- leaved  plants,  which  contain  tartaric  acid 
in  their  general  sap,  the  acid  may  be  formed  by  either  of  the  processes 
above  explained.  In  the  sunshine  their  green  parts  absorb  carbonic 
acid  and  evolve  oxygen.  If  any  of  these  green  parts  give  off  only  |  of 
the  oxygen  contained  in  the  carbonic  acid  they  drink  in,  tartaric  acid 
may  be  produced  (A.)  In  the  dark  they  absorb  oxygen  and  give  off 
carbonic  acid.  If  the  bulk  of  1  his  latter  gas  which  escapes  be  less  than 
that  of  the  oxygen  which  enters,  a  portion  of  the  sugar  or  gum  of  the 
sap  may,  as  above  explained  (B.),  be  converted  into  tartaric  acid. 

We  have  as  yet  no  experiments  which  enable  us  10  say  by  which  of 
these  modes  the  tarlaric  acid  is  really  produced  in  such  plants— or 
whether  it  may  not  occasionally  be  compounded  by  both  methods. 

In  green  fruits  also,  in  the  sour  grape  for  example,  it  may,  in  like 
manner,  be  produced  by  either  method.  The  only  experiments  we  yet 
possess,  those  of  De  Saussure,  though  not  sufficient  to  decide  tbe  point, 
are  in  favour  of  tbe  former  explanation  (A  )  In  the  estimation  of  this 
philosopher,  the  proportion  of  the  oxygen  of  the  carbonic  acid  which  is 
retained  by  the  fruit,  is  sufficient  to  account  for  the  acidity  it  gradually 
acquires. 

2°.  Malk  and  eiirie  acids. — These  acids  are  represented  (p.  127)  by 
the  common  formula?  C4  Hj  O4.  They  may  be  produced  from  water 
and  carbonic  acid,  if  three-fourths  only  of  the  oxygen  of  the  latter  be 
given  off.    Thus 

4  of  Carbojtic  Acid  =  C4        O, 
2  of  Water      .     .    =        Hj  Oj 

Malic  Acid. 

Sum       .     .    =  C4  H,  Ojo  =  C4  Ha  O4  +  60. 

That  such  a  retention  of  one-fourth  of  the  oxygen  of  the  carbonic  acid 
occasionally  lakes  place  in  the  green  fruit,  is  consistent  with  the  obser- 
vations of  De  Saussure.  The  lime  and  the  lemon  are  fruits  on  which 
the  most  satisfactory  experiments  might  be  made  with  the  view  of  fi-> 
Dally  determining  this  point. 
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III.  This  fonnation  of  acid  proceeds  for  a  certain  time,  the  froit  be- 
oomioff  sourer  and  sourer ;  the  acidity  then  begins  to  diminish,  sugar  is 
formed,  and  the  fruit  ripens.  The  acid  rarely  disappears  entirely,  even 
from  the  sweetest  fruits,  until  tbey  begin  to  decay ;  a  considerable  por- 
tion of  it«  however,  must  be  converted  into  grape  sugar,  as  the  fruit  ap- 
proaches to  maturity.  This  convenioD  may  take  place  in  either  of  two 
ways. 
1^.  By  the  direct  evolution  of  the  excess  of  oxygen.    Thus 

3  ofTARTAMC  Acid  =  C,,  H,    O,, 

6  of  Water   .    .    .  =  H,    O, 

Sum  .    .    •  =  C,,  H,,  O,,.  =  CiVHt,  O,,  +  90. 

^  y 

Or  grape  sugar  may  be  formed  from  3  of  tartaric  acid  and  6  of  the  water 
of  the  sap,  by  the  evolutbn,  at  the  same  time,  of  9  of  oxygen.  Citric 
and  malic  acids,  in  the  same  proportion,  would  form  grape  sugar  by  the 
evolution  of  6  of  oxygen  only. 

Do  fruits,  when  they  have  reached  their  sourest  state,  begin  thus  to 
ffive  o/T  an  excess  of  oxygen  ?  I  know  of  no  experimenu  which  as  yet 
decide  the  point. 

2°.  By  the  absorption  of  oxygen  and  the  evolution  of  carbonic  acid. 
Thus  in  the  case  of  tartaric  acid, 
1  of  TARTAaic  Acid  =  C4  U,  O, 
1  of  OxTOEIf  .     .     .  =  O, 

■  Xth  orOr»ps       CMbooie 

Sonr.  Acid. 

Sum  .    .     .  =  C4  H,  Ob  =  C,  Ha  O,  +  2  CO, 

Where  one  of  oxygen  is  absorbed  and  two  of  carbonic  acid  given  oflT 
Or  in  the  case  of  the  malic  and  citric  acids, 

1  of  Malic  Acid  =  C4  Hj  O4 

2  of  OXTOEN  .      .   =  O3 

— —  Xth  ofOrape        CariMMito 

Bocar.  Acid. 

Sum  .    .  =  C4  H,  O,   =  C,  H,  Og  +  2  CO. 
Where  2  of  oxygen  are  absorbed  and  2  of  carbonic  acid  given  oB*. 

We  know  from  the  experiments  of  Berard  tliat,  when  unripe  fruits 
are  plucked,  they  do  not  ripen  if  excluded  from  the  access  of  oxygen 
gas— but  that  in  the  air  they  ripen,  absorbini;  oxygen  at  the  same  time, 
and  giving  oflT  carbonic  acid.  This  secona  method  (2°)  therefore  ex- 
hibits the  more  probable  theory  of  the  ripening  of  fruiu  after  they  art 
plucked;  and  if— a«  they  became  coloured — fruits  imitate  ihe  petals  of 
the  flower  in  absorbing  oxygen  from  the  air  and  giving  off  carbonic  acid, 
it  will  also  represent  the  changes  which  take  place  ^'hen  they  are  per- 
mitted to  ripen  on  the  tree. 

Durina  trie  ripening  of  the  fruit,  it  has  been  stated  that  the  woody  or 
cellular  fibre  it  contains  gradually  diminishes,  and  is  converted  into  su- 

r.  This  is  familiarly  noticed  in  some  species  of  hard  or  winter  pears, 
sour  fruit,  the  cellular  fibre  seldom  exceeds  2^  per  cent,  of  their 
whole  weight ;— in  ripe  fruits,  however,  it  is  still  less,  and  as  the  con- 
stitution of  this  substance  is  so  analogous  to  that  of  grape  sugar,  there  is 
no  difficulty  in  understanding  that  it  may  be  readily  converted  into  the 
latter,  though  the  immediate  agency  by  which  the  transformatioD  ia 
efiected  is  as  yet  unknown  to  us. 
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^5.  Cftke  €hemieal  changes  whith  take  place  after  the  ripening  of 
the  JtuU  and  seed. 

When  the  seed  is  fnlly  ripe,  the  functiond  of  annaal  plants  are  dis- 
charged. They  no  longer  require  to  absorb  and  decompose  carbonic 
acid,  for  their  growth  is  at  an  end.  Their  leaves  begin,  therefore,  to 
take  in  oxygen  only,  become  yellow,  and  prepare  along  with  the  entire 
plant,  for  beine  finally  resolved  again  into  those  more  elementary  sub- 
stances from  which  they  were  oriffinally  compounded. 

On  trees  and  perennial  plants,  nowever,  a  further  labour  is  imposed. 
In  the  ripened  seed  they  have  deposited  a  supply  of  food  safficient  to 
sustain  the  germ  that  may  sprine  from  it,  untii  it  is  able  to  seek  food  for 
itself;  but  the  young  buds  already  formed,-^and  which  are  to  shoot  out 
from  the  stem  and  branches  in  the  ensuine  spring,— are  in  reality  so 
many  young  plants  for  which  a  store  of  food  has  yet  to  be  laid  up  in  the 
inner  bark,  and  in  the  wood  of  the  tree  or  shrub  itself. 

In  the  autumn,  the  sap  of  trees  and  permanent  shrubs  continues  to 
flow  rapidly  till  the  leaf  withers  and  falls,  and  the  food  of  the  plant  is 
converted  partly  into  woody  fibre,  as  was  the  case  during  the  earlier 
period  of  the  year,  and  partly  into  starch.  The  former  is  deposited  be- 
neath the  inner  bark  to  form  the  new  layer  of  wood  by  which  the  tree  ia 
annually  enlarged ;  the  latter^partly  in  the  same  locality,  as  in  the 
birch  and  pine— partly  throughout  the  substance  of  the  wood  itself,  as  in 
the  willow — while  in  the  palm  trees  and  cycades,  it  is  intermingled 
with  the  central  piih.  The  chemical  changes  by  which  the  food  is  ca- 
pable of  being  converted  into  these  substances  have  already  been  con- 
sidered. They  proceed  during  the  entire  autumn,  do  not  cease  so  long 
as  the  sap  continues  to  move,  and  even  in  the  depth  of  winter  slowly  and 
silently  operate  in  storing  up  farinaceous  matter^in  readiness,  like  the 
starch  in  the  seed,  to  minister  to  the  nourishment  of  the  young  bud,  when 
the  warmth  of  tlie  coming  spring  shall  awaken  it  from  its  long  sleep. 

§  6.  Of  the  rapidity  tcUh  uhick  these  changes  take  place^  and  the 
circumstances  by  which  they  are  promoted , 

But  remarkable  as  those  chemical  changes  are,  the  rapidity  with 
which  they  sometimes  take  place  is  no  less  surprising. 

From  carbonic  acid  and  water  we  have  seen  that  the  plant,  by  very 
intelligible  processes,  can  extract»the  elements  of  which  its  most  bulky 
parts  consist— andean  build  them  up  in  many  varied  wa^'s,  most  of  which 
are  probably  beyond  the  reach  of  imitation.  But  who  can  understand  or 
explain  the  extraordinary  activity  which  pervades  the  entire  vascular 
system  of  the  plant,  when  circumstances  are  favourable  to  its  growth? 

A  stalk  of  wheat  has  been  observed  to  shoot  up  three  inches  in  as 
many  days,  of  barley  six  inches  in  the  same  time,  and  a  vine  twig 
almost  two  feet,  or  eight  inches  a  day  (Du  HameH.  Cucumbers  have 
been  known  to  acquire  a  length  of  twenty-four  incnes  in  six  days,  and 
in  the  Botanic  Garden  at  Brussels  I  was  shown  a  bamboo  five  inches  in 
diameter,  which  had  increased  in  height  nine  feet  in  twenty-seven  days, 
sometimes  making  a  progress  of  six  to  eisht  inches  in  a  day.  In  our 
climate  we  meet  with  few  illustrations  of  Uie  rapidity  with  which  plants 
are  capable  of  springing  up  in  the  most  favourable  circumstances,  and 
the  above  examples  probably  give  us  only  an  imperfect  idea  of  the  ve- 
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locity  with  which  the  bamboo,  tho  palm,  the  tree  fern,  aod  other  vaecu- 
lar  plants,  may  grow  in  their  native  soil  and  climate.  And  with  what 
numerous  aod  complicated  chemical  changes  is  the  production  of  every 
ffrain  of  the  substance  of  these  plants  attended^how  rapidly  must  die 
food  be  selected  and  absorbed  from  the  air  and  from  the  soil— bow 
quickly  transformed  and  assimilated ! 

The  long  period  of  time  during  which,  year  aAer  year,  theee  changes 
may  proceed  in  the  same  living  vessels,  or  in  the  same  tree,  ia  no  less 
wonderful.  Oaks  have  lived  to  an  age  of  1500  or  2000  yeara— yew 
trees  to  3000  years^and  other  species  are  mentioned  as  having  flour- 
ished from  4500  to  6000  years;  while  even  a  livmg  rose  tree  {rosa 
canind)  is  quoted  by  Sprengel  as  being  alrea«ly  upwards  of  1000  years 
old.— [Sprengel,  Lehre  vam  Diingtr^  p.  76.] 

The  rapidity  of  the  growth  of  a  plant,  and  the  length  of  its  life,  are 
equally  affected  by  circumstances.  On  a  knowledge  of  these  circum- 
stances, and  of  the  means  of  controlling  or  of  producing  them,  the  en- 
lightened practice  of  agriculture  is  almost  entirely  dependent. 

Over  the  natural  conditions  on  which  vegetation  iu  general  depends, 
we  can  exercise  little  control.  By  hedge-rows  and  plantations  we  cao 
shelter  ex{)08ed  lands,  but,  except  in  our  conservatories  and  hot-liouses, 
the  plants  we  can  expect  to  cultivate  with  profit  will  always  be  deter> 
mined  by  the  general  climate  in  which  we  live.  So  the  distribution  of 
rain  and  sunshine  are  beyond  our  control,  and  though  it  is  ascertained 
that  a  thundery  condition  of  the  atmosphere  is  remarkably  favourable  to 
vegetable  growth,  [Sprengel,  Lehrt  vom  Diinger^  p.  73],  we  cannot 
hope  that  such  a  state  of  the  air  will  ever  be  induced  at  the  pleasure  or 
by  the  agency  of  man.  But  under  the  same  natural  conditions  of  cli- 
mate, there  are  many  artificial  methods  by  the  use  of  which  it  is  within 
our  power  to  accelerate  the  growth,  and  to  increase  the  produce*  of  the 
most  valuable  objects  of  ordinary  culture. 

Thus  the  gertninniion  of  seeds  in  general  is  hastened  by  watering  with 
a  solution  of  chlorine  (Davy),  or  of  iodine  or  bromine  (Blengini),  and 
Davy  found  that  radish  seed  which  germinated  in  two  days  when  wa- 
ered  with  solutions  of  chlorine  or  sulphate  of  iron,  required  three  when 
cvatered  with  very  dilute  nitric  acid,  and  five  with  a  weak  solution  of 
Sulphuric  acid. 

It  is  familiarly  known  also  in  ordinary  husbandry,  that  the  applica- 
lion  of  manures  hastens  in  a  similar  degree  the  development  of  all  the 
parts  of  plants  during  every  [wriodof  their  growth— and  largely  increases 
(he  return  of  seed  ohtaincd  from  the  cultivated  grains.  AmmoDia  and 
Its  compounds  likewise,  and  nitric  acid  and  its  compounds,  with  many 
other  saline  substances  existing  in  tho  mineral  kingdom  and  occurring  in 
soils,  or  which  are  produced  largely  in  our  manufactories,  ha^ne  been 
found  to  produce  similar  effects. 

It  would  be  out  of  place  here  to  enter  upon  the  important  and  interest- 
ing field  opened  up  to  us  by  a  consideration  of  the  influence  exercised 
by  these  and  other  substances,  in  modifying  both  in  kind  and  in  degree  the 
chemical  changes  which  lake  place  in  living  vegetables.  The  true  mode 
of  action  of  such  substances — their  precise  effects^-the  circumstances 
under  which  thene  effects  are  most  certainly  produced— -and  the  theoreti- 
cal views  on  which  they  can  be  best  accounted  for— will  form  a  subject  of 
special  and  detailed  examination  in  the  third  part  of  the  present  lectures. 


LECTURE  Vra. 

Uow  the  supplf  of  food  for  plants  is  kept  up  in  the  geneni  Tegetalton  of  the  globe.— Proper* 
tloa  of  their  food  drawn  hj  plants  from  the  air.->8upptv  of  carboolc  add-'^Bupplr  of  ammo- 
nia and  niirio  aeld.— Prodaetion  of  Iwth  In  naKore.— Theory  of  their  ifCtioB  on  hviog  rege- 
laUee.— Concluding  olwervationn. 

Having  shown  io  the  preceding  Lecture  in  what  way,  and  hy  what 
chemical  changes,  the  substances  of  which  plants  chiefly  consist  may 
bo  produced  from  those  on  which  they  live,— there  remains  only  one 
further  subject  of  inquiry  in  connection  with  the  organic  constituents  of 
plants. 

Plants,  as  we  have  already  seen,  derive  much  of  their  sustenance  from 
the  carbonic  acid  of  the  atmosphere ;  yet  of  this  gas  the  air  contains  only 
a  very  small  fraction,  and  in  so  far  as  experiments  have  yet  gone,  this 
fractional  quaudty  does  not  appear  to  diminish— how,  then,  is  the  sup- 
ply of  carbonic  acid  kept  up  7 

Again,  plants  toosi  probably  obtain  much  of  their  nitrogen  either  from 
ammonia  or  from  nitric  acid  ;  and  yet,  neither  In  the  soil  nor  in  the  air 
do  these  compounds  permanently  exist  in  any  notable  quantity, — whence 
then  is  the  supply  of  these  substances  brought  within  the  reach  of  plants? 

The  importance  of  these  two  questions  will  appear  more  distinctly,  if 
we  endeavour  to  estimate  how  much  of  their  caroon  plants  really  draw 
from  the  atmosphere— «nd  how  much  of  the  nitrogen  tliey  contain  must 
be  derived  from  sources  not  hitherto  i)ointed  out. 

^  I,  Of  the  jproportum  of  their  carbon  which  plants  derive  from  the 
atmosphere* 

On  this  subject  it  is  perhaps  impossible  to  obtain  perfectly  accurate 
results.  Several  series  of  experiments,  however,  have  been  published, 
which  enable  us  to  arrive  at  very  useful  approximations  in  regard  to  the 
proportion  of  their  carbon  which  plants,  growing  in  a  soil  of  ordinary 
fertility,  and  in  such  a  climate  as  that  of  Great  Britain,  actually  extract 
from  the  air  by  which  they  are  surrounded. 

1°.  In  an  experiment  made  in  1824,  upon  common  borage  (Borago 
officinalis),  Lampadius  found  that  after  a  growth  of  five  months  (from 
the  3rd  of  April  to  the  6th  of  September)  this  plant  produced  ten  tinaes 
as  much  vegetable  matter  as  the  soil  in  which  it  grew  had  lost  during 
the  same  period.*  In  other  words,  it  had  drawn  nine-tenths  of  its  car- 
bon from  the  air. 

2°.  The  experiments  of  Boussingauit  were  made,  if  not  with  more 
care,  at  least  upon  a  greater  number  of  plants,  and  were  protracted 
through  a  much  longer  period.  It  is  necessaiy  that  we  should  under- 
stand the  principle  on  which  they  were  conducted,  in  order  that  we 
ma^  be  prepared  to  place  confidence  in  the  determinations  at  which  ho 
arrived. 

*  The  above  experiment  may  have  been  corredW  made,  but  the  reeult  appean  at  finC 
■ifht  too  starUlnf  to  be  readilv  received  aa  indicative  of  the  proportion  of  thefr  iostenanee 
dnwn  by  planu  ficom  the  air  Is  iSte  #mdra<  Mf«<a«im  ^(*e  ^M«. 
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If  we  were  to  examine  the  soil  of  a  field  on  which  we  are  about  to 
raite  a  cn>p  of  corn— and  shoald  find  it  to  contain  a  certain  per-oentaj^ 
say  10  per  cent,  of  vegetable  matter  (or  6  per  cent,  of  carbon) ;— «uid 
after  the  crop  is  raised  and  reaped  should,  on  a  second  examinatioo, 
find  it  to  contain  exactly^  the  same  quantity  of  carbon  as  before,  we 
could  not  resist  the  conviction,  that,  with  the  exception  of  what  was 
originally  in  the  seed,  the  plant  during  iu  growth  had  drawn  from  the 
air  all  the  carbon  it  contained.  The  soil  hiving  Umi  ffone,  ike  air  musi 
have  yielded  the  tokoU  supply. 

Or  if  afler  examining  the  soil  of  oar  field  we  mix  with  it  a  supply  of 
farm-yard  manure,  containing  a  known  weight,  say  one  ton  of  carbon, 
and  when  the  crop  is  reaped  find  as  before  that  the  per-centaee  of  vege- 
table matter  in  the  soil  has  snfiered  no  diminution,*  we  are  lasdfied  in 
concluding  that  the  crop  cannot,  at  the  utmost,  have  derived  from  the 
soil  any  greater  weight  of  its  carbon  than  the  ton  contained  in  the  ma- 
nure which  had  been  added  to  it. 

Such  was  the  principle  on  which  Boussingauh's  experiments  were 
conducted.  He  determined  the  per-centage  of  carbon  in  the  soil  before 
the  experiment  was  be^un— the  weight  added  in  the  form  of  manure— 
the  quantity  contained  m  the  series  of  crops  raised  during  an  entire  rota- 
tion or  course  of  cropping,  until  in  the  mode  of  culture  adopted  it  was 
usual  to  add  manure  again— and  lastly,  the  proportion  of  carbon  re- 
maining in  the  soil.  By  this  method  he  obtained  the  following  results 
in  pounds  per  English  acre,  in  three  different  courses  of  cropping,  and 
on  the  same  land  :— 

CarboQ  Garten         Dlfltenoce.  or 

In  th«  In  Cartmn  denVad 

manure.        the  cropa.         from  tiie  air. 

First  Course        2513  7644  5031 

Second  do.  —  —  6639 

Third    do.  —  —  3921 


'  The  first  was  a  5  years* 
course— of  potatoes  or 
red  beet  with  manure, 
wheat,  clover,  wheat, 
oats;  the  second  and 
most  productive  rota- 
tion was  abandoned  on 
account  of  the  climate ; 
the  third  was  a  3  years* 
^course. 

The  result  of  the  first  course  indicates  that — ^the  land  remaining  in 
equal  condition  at  the  end  of  the  four  years  as  it  was  at  the  beginning — 
the  crops  collected  during  these  years  contained  three  times  the  quantity 
of  carbon  present  in  the  manure,  and  therefore  Ou plants^  during  thetr 
growth,  must  on  the  whole  hone  derived  ttoo-thirds  of  their  carbmfrcm 
the  air. 

It  will  be  shown  in  a  subsequent  section  that  even  when  the  soil  is 
lying  naked  the  animal  and  vegetable  matter  it  contains  is  continually 
iinder0>ing  diminution,  owing  to  decomposition  and  the  escape  of  vola- 
tile substances  into  the  air.    It  is  fair,  therefore,  to  assume  that  a  con- 

*  I  need  acaree^  remark  that,  in  tha  handa  of  i  food  fannar,  who  keepa  hia  land  In  #aMl 
Aeorf— the  qoanllly  of  oisanic  mattar  in  tha  aoll  at  the  end  of  hia  eooTBe  of  cropping  aboald 
D^agreat, atleaat. aa  It  waa  at  the  l>eglnnlng  of  hia  nlatlon, before  Uie  addition  of  tha 
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aiderable  portkm  of  the  cartxm  of  tfao  maDure  aod  of  the  soil  would 
oat  orally  disappear  during  the  (bur  years'  cropping  above-meDtiooed, 
and  that,  therefore,  the  proportion  of  carbon  oerived  from  the  air  in 
Boasaiogaalt's  experioients,  must  have  been  really  considerably  greater 
than  la  indicated  by  the  numerical  results. 

Lei  two-thirds  of  the  entire  quantity  of  carbon  contained  in  a  series  of 
crops  be  taken  as  the  average  proporuon,  [Lecture  11.,  p*  31,1  which,  on 
cultivated  land  in  our  climate,  roust  be  derived  from  the  air  m  the  form 
of  carbonic  acid— -and  let  the  average  weight  of  the  dry  crop  reaped  be 
estimated  at  a  ton  and  a  half  per  acre.  Then,  if  the  crop  contain  half 
its  weight  of  carbon,*  the  plants  grown  oo  each  acre  must  annually  ex- 
tract from  the  air  10  cwt.  or  1120  lbs.  of  carbon  b  the  form  of  carbonic  acid. 

§  2.  Of  the  relation  which  the  quantity  of  carbon  extracted  hy  plantifrom 
the  atr,  bears  to  the  lokole  quantity  contained  in  the  atmosphere* 

But  the  ^estion  will  here  at  once  suggest  itself  to  you — does  not  the 
quantity  thus  extracted  from  the  air  really  form  a  veiy  large  proportioii 
of  the  whole  weight  of  carbon  which  is  contained  in  the  atmosphere  ?  A 
simple  calculation  will  give  us  clear  ideas  in  regard  to  this  interesting 
point. 

We  have  already  seen  that,  by  the  results  of  De  Saussore,  the  aver- 
age quantity  of  carbonic  acid  in  the  atmosphere  of  our  globe  may  be 
estimated  at  j^  part  of  its  entire  bulk.  This  is  equal  very  nearly 
to  j^  of  its  weight.f  Or  taking  the  whole  weight  of  the  atmosphere 
at  15  lbs.  on  the  square  inch — that  of  the  carbonic  acid  will  be  0-009  lbs. 
or  63  grs.  per  square  inch.  But  as  carbonic  acid  contains  only  27f  per 
cent,  of  its  weight  of  carbon,  the  weight  of  this  element  which  presses 
on  each  souare  inch  of  the  earth's  surface  is  only  17f  (17*39)  grs.  Upon 
an  acre  this  amounts  to  7  tons.t 

But  if  the  crop  on  each  acre  of  cultivated  land  annually  extracts  from 
the  air  half  a  ton  of  carbon,  the  whole  of  the  carbonic  acid  in  the  atmos- 
phere would  sustain  such  a  vegetation  over  the  endre  globe  for  14  years 
only.  And  if  we  even  suppose  such  a  vegetation  to  extend  over  one 
hundredth  part  of  the  earth's  surface  only,  it  still  appears  sufficient  to 
exhaust  Uie  carbonic  acid  of  the  air  in  1400  years. 


*  BointliicuiU  •tales,  that  of  aO  the  plaota  uaoaUy  ealtivated  for  food-ao  far  aa  hia  ezpari- 
menta  haTe  gone— tha  Jemaalem  anichoke  draws  the  larf  eat  portion  of  Ita  aaatenanee  finom 
thetta^^mmeUatkegrtaU^wtghl  qf/oodfrvrnthemmaiettueighiofw^^  Itiatme 
generaUj  Indeed  that  an  thoae  planta,  which,  Uke  the  Jemaalem  artichoke  and  the  white 
carrot,  grow  ffteelT  on  aandr  aolla  containing  lilUe  Yecefiable  matter  and  with  the  addition 
of  WUe  mamire,  aztract  the  greateat  proponion  of  their  aoatenance  from  the  air.  Boeh 
ptaMB,  Uierefbre,  are  likely  to  prove  the  moat  protUable  aitlelea  of  cnltnre  where  aneh  aolla 
and  a  aeareity  of  aannre  slmuttaneoualy  prevail. 

t  The  mean  of  225  esperimenta  made  by  BeSanaaure  between  1827  and  1889  gave  M 
abote  atated  abont  4-10000  or  \-7EC0th  part  for  the  mean  bulk  of  the  cairbonic  acid  in  the  air, 
wlileb  la  naaxiT  «-1000Uia  of  ita  whole  weight.  Among  these  obeerrationa  the  mazjmnm 
«na  SrS  teiKlionaasdtha,  the  minimum  8*15.  If  we  take  the  maximum  bulk  at  S-lOOOOtba 
of  Uieair-the  maxtmnm  weight  of  the  carbonic  acid  ia  nearly  9-lOOOOtha  of  thatof  ttie  atr 
moephere.  In  elementary  worka  It  la  generally  atated  In  round  numbers  at  1-lOOOth  of  tbe 
welglitof  the  air,  bat  If  Uie  beat  ejipeilmental  raaiaha  we  poaaeas  ara  to  be  any  guide  to  oa, 
tbiaia  at  laaac  one-third  too  high.  ,       .  ^     ^  ^     „^    . 

It  la  alao  of  conaequence  to  remark,  ttiat  this  eadmate  of  the  whole  weigbi  of  the  caitenie 
Mtd  In  the  air  ia  founded  on  the  auppoallion  that,  In  the  higheat  regtona  of  the  a— »»— 
the  carbonic  aeld  la  preaent  in  a  proportion  nearly  eqoal  to  that  in  which  tt  la  fc 
dialely  above  Uie  earth'a  aurftuse— which  ta  by  no  means  eslabUsbed. 

t  IMBB  Ibs..-^  acn  being  48S0  aquara  yaitla»  coDtalntag  eaeh  1296  aqi^ 

uigmzeu  oy  x^j  v.'^/'i  iv. 
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A  very  short  period,  compared  eTen  with  the  limits  of  aatbentic  hath 
toiy,  has  yet  elapsed  siace  experiments  began  to  be  made  on  the  tme 
coQstitation  of  the  atmosphere;  we  have  no  very  trustworthy  data, 
therefore,  on  which  to  found  a  confident  opinion  in  regard  to  the  penna- 
nence  of  the  proportion  of  carbonic  acid  which  it  now  confaios.  The 
later  observations  of  De  Saussore  do  give  a  considerably  lower  estimate 
of  the  quantity  of  this  acid  in  the  air  than  that  which  was  deduced  from 
the  results  of  the  earlier  experimenters ;  but  the  imperfection  of  the 
modes  of  analysis  formerly  adopted  was  too  sreat,  to  justify  us  in  rea- 
soning rigorously  from  the  inferences  to  which  they  led.  We  cannot 
safely  conclude  from  them  that  the  proportion  of  carbon  in  the  atmos- 
phere has  really  diminished  to  any  sensible  extent  during  this  limited 
period;  while  tne  recorded  identity  of  all  the  phenomena  of  vegetation 
renders  it  probable  that  the  proportion  has  not  sensibly  diminished  even 
within  historic  times. 

From  what  sources,  then,  is  the  supply  of  carbonic  acid  in  the  atmos- 
phere kept  up?-*and  if  the  proportion  be  permanent,  by  what  oompen- 
sating  processes  is  the  quantity  which  is  restored  to  the  atmotpnere 
produced  and  regulated  ? 

§  3.  Hmo  the  svpply  of  carbonic  acid  in  Hit  atmotpkere  i$  renewed 
and  regulated. 

On  comparing,  in  a  previous  lecture,  the  quantity  of  rain  which  falls 
with  that  of  the  waiery  vapour  actually  present  in  the  air,  we  saw  rea- 
son to  believe  that  even  in  a  single  year  the  same  portion  of  water  may 
fall  in  rain  or  dew  and  ascend  agam  in  watery  vapour  several  sacoes- 
•ive  times.  Is  it  so  also  with  the  carbon  in  the  air  f  Does  that  which 
feeds  the  growing  plant  to>day«  again  mount  up  in  the  form  of  carbonic 
acid  at  some  future  time,  ready  to  minister  to  the  sustenance  of  new 
races,  and  to  run  again  the  same  round  of  ever- varying  change  ?  Such 
is,  indeed,  the  general  history  of  the  agency  of  the  carbonic  acid  of  the 
atmosphere ;  but  when  once  it  has  been  fixed  in  the  plant  it  must  pass 
through  many  successive  changes  before  it  is  again  set  free.  The  con- 
ditioas,  also,  under  which  it  is  restored  to  the  atmosphere  are  so  diver- 
sified, and  the  agencies  by  which,  in  each  case,  it  is  liberated,  are  so 
veiy  distinct,  as  to  require  that  the  several  modes  by  which  the  carbon 
of  plants  is  reconverted  into  carbonic  acid  and  returned  to  the  air,  should 
be  made  topics  of  separate  consideration. 

I.— OW  THE  PROOnCTIOn  OP  CARBOlflC  ACIO  BY  RESPtRATION. 

The  air  we  breathe  when  it  is  drawn  into  the  lungs,  contains  tAti^^ 
of  its  bulk  of  carbonic  acid  ;  when  it  returns  again  from  the  lungs,  the 
bulk  of  this  gas  amotmts,  on  an  average,*  to  ^th  of  the  whole ;  or  its 
quantity  is  increased  one  hundred  times. 

The  acmal  bulk  of  ihe  carbonic  acid  emitted  from  the  lungs  of  a  sin- 
gle individual  in  24  hours  varies  exceedingly ;  it  has  been  estimated 
however,  on  an  average,  to  contain  upwards  of  five  ounces  of  carbon. f 

*  tt  variM  ki  diflbrent  indlTidiMls  from  2  to  8  p«r  mol  of  the  expired  air.  lo  anlmeln  It 
vuiee  Bleo  with  the  eperiee.    The  air  from  the  lui^  of  a  cat  cootaioi  from  ^  lo  7  per  ceoL, 

whole  bulk.— Dulong,  Amnd.  dt  OWm.  •<  dt  PhyB. ,  third  S$rie»t  / ,  p.  466. 

of  11  oiuMs,  i^OMttay  whlob  aU  wrltan  hava  concun«d  In  ncetvioc  wlUi  fCM^ 

uigmzeu  uy  x-jvyvy-x  i\^ 
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A  fall  grown  man,  therelbre,  givet  off  from  his  lungs,  in  the  oomse  of  a 
year,  upwards  of  100  lbs.  of  carbon  in  the  form  of  carbonic  acid. 

If  the  quamity  of  carbon  thus  evolved  from  the  lungs  be  in  proportion 
to  the  weight  of  the  animal,  a  cow  or  a  horse  ought  to  give  oa  six  times 
as  much  as  a  man.*  From  indirect  experiments,  however,  Boossin- 
gault  estimaied  the  quantity  of  carbon  actually  lost  in  this  way  by  a  cow 
at  2200  grammes  in  24  hours,  and  by  ahorse  at  2400  grammes.— [jinn. 
de  Chitn.  etcfe  Phys.,  Imi.,  pp.  127  and  136.]  These  quantities  are  equal 
to  6  or  7  times  the  amount  of  carbon  given  off  from  the  lungs  of  a  man. 

If  we  suppose  each  inhabitant  of  Great  Britain,  young  and  old,  to  ex- 
pire only  80  lbs.  of  carbon  in  a  year,  the  twenty  millions  would  emit 
seven  hundred  thousand  tons ;  and,  allowing  the  cattle,  sheep,  and  all 
other  animals,  to  give  off  twice  as  much  more,  the  whole  weight  of 
carbon  returned  to  the  air  by  respiration  in  this  island  woiild  be  about 
two  millions  of  tons,  or  the  quantity  abstracted  from  the  atmosphere  by 
four  millions  of  acres  of  cultivated  land. 

Whence  is  all  this  carbon  derived  ?  It  is  a  portio^of  that  which  haa 
been  conveyed  into  the  stomach  in  the  form  of  food.  Suppose  the  car- 
bon contained  in  the  chdly  food  of  a  full  grown  man  to  aoiount  to  one 
pcund^which  is  a  large  allowanc&^then  it  appears  that,  by  the  ordi- 
nary piocesses  of  respiration,  at  least  one-third  of  the  carbon  of  kis  food 
w  daUy  returned  into  the  air. 

In  other  animals  the  proportion  returned  may  be  dlfierent  from  what 
it  ui  in  i»an«  yet  the  life  of  all  depends  on  the  emiaaion  to  a  certain  ex- 
tant of  the  same  gas.^  And  since  ail  are  sustained  by  the  produce  of 
tbe  soil,  it  is  obvious  that  the  process  of  animal  respiration  is  one  of 
those  me^MMls  by  which  it  has  been  provided  that  a  lar^  portion  of  tha 
vegetable  productions  of  the  globe  should  be  almost  immediately  re- 
solved into  the  simpler  forms  of  matter  from  which  it  was  originally 
eompoandedy  and  again  sent  up  Into  tbe  air  to  minister  to  the  wants  of 
new  raises. 

If. — OH  VHX  PAOOUCnon  of  CABBONIC  acid  BT  COBIBUSTION. 

Another  important  source  of  carbonic  aeid  is  familiar  to  us  in  the  ra- 
aolts  of  artificial  oombostion. 

In  the  previous  leetnre  I  have  shown  how,  by  the  action  of  the  sun^s 
rays  upon  tbe  leaf,  tbe  carbonic  acid  absorbed  from  the  atmosphere  is 
deprived  of  its  oxygen,  and  its  carbon  afterwards  united  to  the  elements 
of  water  for  the  production  of  woody  fibre.  During  the  process  of  com- 
bustion, this  labour  of  the  living  leaf  is  undone— the  caibon  is  made  to 
combine  anew  with  the  oxygen  of  the  atmosphere,  and  the  vegetable 
matter  ia  resolved  again  into  carbonic  acid  and  water. 

Thus,  when  wood  (woody  fibre)  is  burned  in  the  air,  oxygen  disap- 
pears, and  carbonic  acid  and  watery  vapour  are  alone  produced.  The 
theory  of  this  change  is  simple. 

'BflCUnatfog  tbs  onliiusy  WftiibCors  mui  at  UO,  and  of  a  oow  at  8Q0  to  900  lba.--8«e 
Bprengel,  Lehre  van  D&nger^  p.  206. 

'  Thai  the  proportion  mu$t  be  leas  in  Uie  Ian er  animala  ia  eertafo,  aince  the  dafly  food  of 
•  eow  maT  be  atated  geaeraUjr  aa  eqaivalem  to  26  lbs.  of  bay,  eontainiag  upwafdaof  10  Iba.  of 
eaitOD.  if  oB0>thinrof  ihia  were  giToa  off  from  tbe  luaga,  tiie  quanUty  of  carbon  (3|  Iba.) 
evolved  woald  be  ten  Umea  greater  than  waa  bidicated  by  the  experlmenta  of  BoaaabiganU, 
and  Deafly  double  of  what  the  weight  Of  a  oow,  eoaaparod  with  Uiaiof  i  BMinEsqatMk 
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It  wOl  be  recollected  (p.  135)  that  in  formiiig  an  equivalent  of  woody 
fibre  or  of  sugar,  24  of  oxygen  were  given  oK  chiefly  by  the  leaf— so  in 
again  reeolving  these  substances  into  carbonic  acid  and  water,  84  of  oxy- 
gen are  absorl^.    Thos— 

1  of  WooDT  PiaaE  =  C, ,  H,    O, 
24ofOxTGXir       .    =  Oj|4 

12  of  8  of 

OtitoutoAtfld.    Wtiar* 

Sam.    .    .    =CiaHg    0„  =  1200,  +  8HO. 

Or,  1  of  Cawk  Svoaa     =Ci,  H,,  Oj, 
24ofOxTOEir  .     .    =  0,4 

12  of         10  of 


Sum.    .    .    =Ci,  H„  O34=12CO,  +  10HO. 

The  same  law  holds  in  regard  to  all  other  vegetable  substances.  They 
are  resolved  into  carbonic  acid  and  water,  in  propoitions  which  neoes- 
sarily  vary  with  the  chemical  constitution  of  each. 

It  applies  also  to  all  bodies  of  vegetable  ^Jp^  among  which  neariy 
all  combustible  minerals  may  be  reckoned.  The  peat  and  ooal  we  bum 
in  our  honses  and  manufactories,  when  supplied  with  a  sofficiency  of 
atmospheric  air,  are  resolved  daring  combustion  into  carbonic  add  and 
watery  vapour. 

Some  vegetable  substances  contain  a  small  quantity  of  nitrogen. 
When  these  are  burned,  this  nitrogen  escapes  into  the  atmosphere,— 
generally  in  an  uncombined  state,— 4md  mingles  with  the  air.  So  ia 
animal  substances,  nearly  all  of  which  contain  nitnwen  as  an  essential 
Gonstitaent.  During  perfect  combustion  the  whole  of  the  carbon  is  dis* 
sipated  in  the  form  of  carbonic  acid,  while  the  nitrogen  rises  along  with 
it  in  an  elementary  state. 

The  result  of  this  uniform  subjection  of  all  combustible  matter  to  the 
operation  of  thb  one  law,  is  the  constant  production  on  the  surface  of 
the  globe  of  a  vast  quantity  of  carbonic  acid ;— the  re-conversion  of  large 
masses  of  organic  matter  into  the  more  elementary  compoonds  from 
which  it  was  originally  formed. 

How  interesting  it  ifi  to  contemplate  the  relations,  at  once  wise  and 
beautiful,  by  which  through  the  operation  of  such  laws,  dead  organic 
matter,  intelligent  man,  and  living  plants,  are  all  bound  together !  The 
dead  tree  and  the  fossile  ooal  lie  almost  useless  things  in  reference  to 
animal  and  vegetable  life,— man  employs  them  in  a  thousand  ways  as 
ministers  to  his  wants,  bis  comforts,  or  his  dominion  over  nature-^and 
in  so  doing,  himself  directly  though  unconsciously  ministers  to  the  wants 
of  those  vegetable  races,  which  seem  but  to  live  and  grow  for  his  use  and 
sustenance. 

It  is  impossible  to  say  what  proportion  of  the  carbon  absorbed  during 
the  general  vegetation  of  the  globe,  is  thus  annually  restored  to  the  at- 
mosphere by  the  burning  of  vegetable  matter.  That  it  must  be  very 
great,  will  appear  from  the  single  fact,  that  by  far  the  greater  part  of  the 
globe  is  dependent  for  its  supply  of  fuel  on  the  annual  proouce  of  its 
forests; — ^while  even  in  those  more  fovoured  countries  where  mineral 
ooal  abounds,  the  quantity  of  wood  consumed  by  burning  falls  but  little 
short  of  the  entire  yearly  growth  of  the  land. 
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In  ooDoectiOD  with  tbk  subject,  I  must  draw  your  attention  to  one  in- 
teresting, as  well  as  important,  fact.  I  have  spoken  of  coal  as  a  sub- 
Btance  of  vegetable  origin,  and  there  is  no  doubt  that  all  the  carbon  it 
contains  once  floated  in  the  air  in  the  form  of  carbonic  acid.  But  the 
period  when  it  was  so  mixed  with  the  atmosphere  is  remote  almost  be- 
yond conception.  When,  therefore,  we  raise  coal  from  its  ancient  bed 
and  burn  it  on  the  earth^s  surface,  we  add  to  the  carbon  of  the  air  a  por- 
tion tMdt  koM  not  previjoudy  existed  im  the  atntoephere  of  our  time. 

The  coal  consumed  in  Great  Britain  alone  is  estimated  at  20  millions 
of  toQSi,  containing  on  an  average  at  least  70  per  cent.,  or  14  millions  of 
tons  of  carbon.  But  if  the  annual  produce  of  an  acre  of  cultivated  land 
contain  half  a  ton  (p.  147)  of  carbon  derived  from  the  air,  the  coal  con* 
aumed  in  this  country  would  supply  carbonic  acid  to  the  crops  ^wn 
upon  28  millions  of  acres.  Or,  since  in  Great  Britain  about  34  millions 
of  acres  are  in  cultivation  (p.  12),  the  coal  toe  annually  consume  produces 
a  quantity  of  carbonic  acid  which  is  alone  sufficient  to  supply  food  to  the 
crops  thtU  grow  upon  seven-eighths  of  the  arable  land  of  this  country, 

IH.— P&OOUCTIOTT  OF  CAKBOVlC  ACID  BT  THB  R ATDBArl  DBCAT  OF  VEGE- 
TABLE MATTER.      UkW  OP  THIS  DECAY. 

Over  large  tracts  of  country  in  every  part  of  the  globe,  the  vegetable 
productions  of  the  soil  are  never  cropped  or  gathered,  hot  either  accumu- 
late—as occasionally  in  our  peat  bogs;  or  decay  and  gradually  disappear 
—as  in  the  jungles  of  India  or  in  the  tropical  forests  oC  Africa  and  South- 
ern America. 

The  final  results  of  this  decay  are  the  same  as  those  which  attend 
upon  oixlinary  combustion,  but  tne  conditions  under  which  it  takes  place 
being  different,  the  immediate  results  are  to  a  certain  extent  dinerent 
also. 

When  a  vegetable  substance  is  burned  in  the  air,  the  oxygen  of  the  at- 
mosphere is  the  only  material  agent  in  elTecting  the  decomposition. 
The  carbon  of  the  biuraing  body  unites  directly  with  this  oxygen  and 
forms  carbonic  acid. 

In  the  natural  process  of  decay,  however,  at  the  ordinary  temperature 
of  the  atmosphere,  vegetable  matter  is  exposed  to  the  acuon  of  both  air 
and  water ;  these  both  co-operate  in  inducing  and  carrying  on  the  decom- 
position, and  hence  carbonic  acid  is  not,  as  in  the  case  of  combustion,  the 
chief  or  immediate  result. 

A  detail  of  all  the  steps  through  which  vegetable  matter  is  known  to 
pass  before  it  is  finally  resolved  into  carbonic  acid  and  water,  would  be 
difficult  for  you  to  understand,  and  is  here  unnecessary.  A  general 
view  of  the  way  in  which  by  the  united  agency  of  air  and  water,  the 
decay  of  organic  substances  is  efiected  and  promoted,  may  be  made 
very  intelligible,  and  wilt  sufficiently  illustrate  the  subject  for  our  pre- 
sent purpose. 

In  combustion,  as  we  have  seen,  the  whole  of  the  vegetable  substance 
is  resolved  directly  into  carbonic  acid  and  water,  at  the  expense  of  the 
oxygen  of  the  atmosphere.  In  natural  decay  a  small  and  variable  por- 
tion only  is  so  changed,  but  to  the  extent  to  which  this  change  does  take 
place  carbonic  acid  is  directly  i>rmed  and  sent  up  into  the  air.  Suppose 
such  a  change — a  slow  combustion  in  reality — to  take  place  to  a  certain 
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extent,  and  let  ns  consider  what  becomes  of  the  remainder  of  the  vagela 
ble  matter. 
1°.  If  we  add 

6  of  CARBoific  Acid    .    .    =  C^  Ojj 

to  6  of  Light  Caeburetted  ?  __  r«      u 
Htdrooen  (CH,)     J~^»     "«« 

we  have  the  sum  .  .  =  Cig  H^,  0,2;  or,  one  of 
grape  sugar;— that  is,  one  of  grape  sugar  may  be  formed  out  of  the  ele- 
ments of  6  of  carbonic  acid,  and  6  of  light  carburetted  hydrogen*  Or* 
conversely,  grape  sugar  being  already  produced,  it  may  be  resolved  or 
decomposed  into  these  two  compounds  in  the  same  proportions,  without 
the  aid  of  the  oxygen  of  the  atmosphere. 
2°.  So  if  to 

1  of  Woody  Fibre  =  C,  a  H,    Oj 
we  add  4  of  Water    .     .    =  H4    O4 

CartKMiic     Light  Cuta- 

Acid,     retted  Hjdrafea. 

we  have,  as  before,  C,,  H,,  O,,  =  600,  + 6  CUai 
Or  by  the  aid  of  the  elements  of  4  atoms  of  water,  woody  fibre  may  be 
resolved  into  6  of  carbonic  acid  and  as  many  of  light  carburetted 
hydrogen. 

3°.  Again,  in  the  case  of  a  vegetable  acid,  if  to 
1  of  Tartaric  Acid  =  C4  U,  O, 

we  add  1  of  Oxygen    •    .    =  O, 

• Cart>oalc    Light  Catho* 

Acid,  retted  Hydrogen, 
we  have  C4  H3  O^  =  3  CO,  +  CHj, ; 
That  is,  by  the  aid  of  one  of  oxygen  from  the  air,  one  of  tartaric  acid 
may  be  resolved  into  3  of  carbonic  acid,  and  1  of  light  carburetted 
livdrogen.  It  is  easy  to  see  how  any  other  of  the  more  common  vegeta- 
ble productions  may— either  at  the  expense  of  iu  own  elements,  as  in 
grape  sugar— or  by  the  aid  of  those  of  water,  as  in  woody  fibre— or  of 
the  oxygen  of  the  atmosphere,  as  in  tartaric  acid^be  resolved  into  car- 
bonic acid  and  light  carburetted  hydrogen,  in  certain  proportions. 

Now,  such  a  resolution  does  really  take  place  to  a  considerable  extent 
in  nature,  during  the  decay  of  organic  substances  in  moist  situations. 
Hence  the  evolution  of  light  carburetted  hydrogen  from  dead  vegetable 
matter  in  marshy  places  and  stagnant  pools— hence  the  production  of 
the  same  gas  in  compost  heaps,  and  especially  in  rich  and  heated  farm- 
yard manure — and  hence  also  its  occurrence  in  such  vast  quantities  in 
many  of  our  coal  mines. 

You  will  now  be  able  to  appreciate  one  of  the  reasons  why  this  light 
carburetted  hydrogen  has  been  supposed  by  ns^me  physiologists  (p.  50) 
to  contribute  as  food  to  the  ordinary  nourishment  of  plants.  It  is  pro- 
duced in  nature  in  many  and  varied  situations,  and  it  has  been  found 
by  experiment  to  exercise  a  visible  influence  upon  the  growth  of  plants ; 
— being  so  produced  where  young  plants  grow,  is  it  never  imbibed  by. 
them  ? — ^being  possessed  of  this  influence,  is  it  entrusted  with  no  control 
over  the  general  vegetation  of  the  globe  T 

However  this  may  be,  by  far  the  greatest  portion  of  both  these  gases 
escapes  into  the  air ; — the  carbonic  acid  to  fulfil  those  purposes  which 
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have  already  been  oonaideretj,— the  li^ht  carburetted  hydrogen  to  under- 
go a  further  change,  by  which  it  also  is  resolved  into  carbonic  acid  and 
water.    Thus,  if  to 
1  of  Light  Carburiettbd  Hydrogen  =  CHj        we  add 

4orOxTG£N =  O4 

Carbonic  Acid.  Water. 

We  have  CH,  O4  or  CO,  -h  2  HO 
Or  one  of  this  gas  with  4  of  oxygen  may  be  changed  into  1  of  carbonic 
acid  and  2  of  water. 

Now,  wlieu  this  gas  escapes  into  the  air  it  becomes  diffused  through  a 
large  excess  of  oxygen,  and  is  thus  ready,  at  any  instant,  to  be  decom- 
posed. Through  the  atmosphere  streams  of  electricity  are  continually 
flQwing,  and  every  wandering  spark  (hat  passes  athwart  a  portion  of 
this  mixture  decomposes  so  much  of  tlie  light  gas,  and  produces  in  its 
stead  the  equivalent  proportions  of  carbonic  acid  and  watery  vapour. 
Thus  it  happens  thai  of  the  vast  quantity  of  this  and  other  combustible 
gases  which  arc  continually  escaping  into  the  air,  so  few  traces  are  dis- 
cernible even  by  the  aid  of  the  most  refined  processes  of  art.  By  a  wise 
pruvisioa  of  nature  such  substances  as  are  void  of  use  to  eitlier  animals 
or  plants,  if  not  speedily  removed  from  the  air  altogether,  are  there  con- 
verted into  such  new  forms  of  matter  as  are  filled  to  minister  to  the  ne- 
cessities of  living  beings- 

Though  therefore  10  the  natural  decay  of  vegetable  matter  in  the  pre- 
sence of  air  and  moisture,  a  certain  portion  of  its  carbon  escapes  into  the 
air  in  the  form  of  light  carburetted  hydrogen,  this  compound  is  but  a 
step  towards  (he  final  change  into  carbonic  acid  and  water.  In  the  soil 
the  vegetable  matter  is  continually  undergoing  decay,  various  sub- 
siaaces  are  produced  in  greater  or  less  quantity,  some  solid,  some  liquid, 
and  some  gaseous  like  the  light  gas  of  which  we  have  been  speaking,-— 
but  all  of  them,  like  this  gas,  are  only  hastening — ^some  by  one  road,  so 
to  speak,  and  some  by  anotlier— towards  tiiat  final  destination  which 
sooner  or  later  they  are  all  fated  to  reach;  when  in  the  form  of  carbonic 
acid  and  water  they  shall.be  in  a  condition  to  minister  again  to  the  nour- 
ishment of  all  plants. 

While  in  the  soil  some  part  of  this  vegetable  matter  assumes  forms 
which  are  capable  of  entering  again  into  the  roots  of  li\inff  plants,  and, 
without  further  resolution  in  the  air,  of  being  converted  by  the  living 
plant  into  portions  of  its  own  substance.  The  nature  and  composition 
of  these  forms  of  matter,  so  far  as  ihey  are  known,  will  be  considered  in 
a  sul»e<^uent  lecture.— [See  Part  II.,  Lectures  XI.-XIII.,  "  On  the 
conttitutKm  ofsoiUJ'*] 

It  is  upon  the  Jlnat  result  of  this  natural  decay  to  which  all  vegetable 
matter  is  subject,  that  the  carbonic  acid  of  the  atmosphere  depends  for 
its  largest  supplies.  The  rapidity  with  which  organized  bodies  perish, 
and  become  resolved  into  gaseous  compounds,  depends  partly  upon  the 
climate  and  partly  on  the  nature  of  the  substances  themselves, — but  all 
liurry  forward  to  the  same  end,  and  it  is  with  difficulty  that  we  are  able 
for  a  time  to  arrest  or  even  to  retard  their  steps.  It  is  by  this  perpetual 
and  active  obedience  of  all  dead  matter  to  one  fixed  law  iliat  the  exist- 
ing condition  of  things  is  maintained ; — and  thus  it  happens  that  either 
by  the  laspu-ation  of  the  animals  which  live  upon  it,  by  the  process  of 


154        EVOLUTION  OF  CARBONIC   ACID  IN  VOZ.CANIC  COUNTmiXS. 

combustion,  or  by  that  of  spontaneoas  decay,  ilie  entire  crop  of  vegeta- 
ble produce  is  apparently ^  year  by  year^taking  the  average  of  a  series 
of  years— resolved  into  the  forms  of  matter  from  wbich  it  was  originally 
built  up ;— and  the  sabstances  on  wbich  plants  feed  at  length  restored  to 
the  air  in  the  precise  proportion  in  which  they  have  been  taken  from  it. 

VI. — NATURAL  EVOLUTION  OF  CARBONIC  ACID  IN  VOLCAKIC  COUNTRIES. 

The  above  apparent  conclusion  would  be  absolutely  true,  were  there 
no  causes  in  operation  by  which  the  restoration  to  the  air  of  a  portion  of 
the  carbon  of  animal  and  vegetable  substances  is  prevented-^and  no 
other  sources,  independent  of  existing  organic  matter,  from  wliidi  car- 
bonic acid  may  be  supplied  to  the  air. 

If  the  whole  of  the  carbon  be  not  returned  to  the  air,  the  carbonic  acid 
of  the  atmosphere  may  be  undergoing  diminution;  while— if  a  largo 
supply  be  constantly  poured  into  the  air  from  sources  independent  of 
vegetable  matter,  the  proportion  of  carbonic  acid  may  be  continually  on 
the  increase. 

We  have  seen  that  the  combustion  of  fossil  coal  adds  to  the  air  a 
large  quantity  of  carbonic  acid  which  has  never  before  existed  in  the  at- 
mosphere of  our  time.  In  many  volcanic  districts  also,  carbonic  acid  is 
observed  to  issue  in  lar^  quantity  from  cracks  and  fissures  in  the  earth  ; 
—accompanied  sometimes  by  water,  forming  mineral  springs,  from 
which  the  copious  emisson  of  gas  is  readily  perceived ;  more  frequently, 
perhaps,  rising  up  alone,  and  tifius  escaping  general  observation. 

It  must  obviously  be  exceedingly  dinicuJt  to  estimate  the  quantity  of 
gas  which  rises  into  the  air  in  such  circumstances  over  an  extensive 
tract  of  country,  fractured  and  broken  up  by  volcanic  agency— where 
the  outlets  are  numerous,  and  the  rate  at  which  the  gas  escapes  very 
variable.  That  in  many  localities  it  must  be  very  great,  however, 
there  can  be  no  question.  In  the  ancient  volcanic  district  of  the  Eifel, 
comprising  an  area  of  many  square  miles  around  the  Laacher  See,  on 
the  left  bank  of  the  Rhine,  the  annual  evolution  of  carbonic  acid  from 
springs  and  fissures  has  been  estimated  by  Bischof  at  not  less  than 
100,000  tons,  containing  27,000  tons  of  carbon.  In  many  other  districts, 
especially  where  active  volcanoes  exist,  the  volume  of  gas  given  ofT 
may  be  quite  as  great,  though  no  attempts  have  hitherto  been  made  to 
estimate  its  real  amount. 

Yet  though  absolutely  large,  the  quantity  of  carbonic  acid  disengaged 
in  this  way  from  the  earth,  is  really  small  when  compared  either  with 
the  entire  quantity  supposed  to  be  present  in  the  atmosphere,  or  with 
that  which  is  required  for  the  growth  of  the  yearly  vegetation  of  the 
globe.  Suppose  that  from  a  thousand  spots  on  the  earth's  surface  a 
quantity  of  carbonic  acid  equal  to  the  abovtf  estimate  of  Bischof  escapes 
constantly  into  the  air,  the  weight  of  carbon  (27  millions  of  tons)  thus 
diffused  through  the  atmosphere  would  be  only  equal  to  that  which  is 
yearly  drawn  from  the  air  by  54  millions  of  acres  of  land  under  cultiva- 
tion (p.  147),  and  only  twice  as  much  as  that  contained  in  the  coal 
which  is  annually  consumed  in  Great  Britain  alone. 

Still  if  the  rohoU  of  the  carbon  contiAned  in  the  produce  of  the  general 
vegetation  of  the  globe  be  ultimately  restored  to  the  air,— either  by  the 
respiration  of  animals,  by  the  natural  and  slow  decay  of  vegetable  mat- 
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ter^  or  D^r  the  more  rapid  process  of  combustioDy^tbe  coostaot  addition 
of  cacbooic  acid  derived  from  volcaooes,  and  from  the  combustion  of  fos- 
sil coal,  should  gradually,  though  slowly,  augmeatthe  proportion  of  this 
gas  in  the  air  we  breathe ;— unless  it  he  perpetually  undergoing  a  per- 
manent diminution,  to  at  least  an  equal  extent,  from  the  operation  of 
other  causes.  In  reference  to  this  point  there  are  three  circumstances 
which  are  proper  to  be  considered : — 

1^.  It  has  been  observed  that,  as  we  recede  from  the  land  and  ap- 
proach the  centre  of  great  lakes,  or  sail  into  the  open  sea,  the  quantity 
of  carbonic  acid  in  the  air  gradually  diminishes.  It  is  therefore  inferred 
that  the  sea  is  constantly,  and  to  a  sensible  extent,  absorbing  carbonic 
acid  from  the  atmosphere,  without  afterwards  restoring  it,  so  far  as  is 
yet  known,  by  any  compensating  process. 

2^.  The  waters  which  flow  into  the  sea  or  great  lakes  constantly 
bear  down  with  them  portions  of  animal  and  vegetable  matter.  These 
fall  along  with  the  mod  which  the  waters  hold  in  suspension,  and  are 
permanently  imbedded  in  the  deposits  of  clay,  silt,  and  sand,  which  are 
continually  Hi  the  course  of  formation. 

3^.  In  many  parts  of  the  world,  especially  in  the  latitudes  north  and 
south  of  45*^,  vegetable  matter  accumulates  in  the  form  of  peat,  becomes 
buried  beneath  clay  and  sand,  and  thus  is  prevented  from  undergoing 
the  ordinary  process  of  natural  decay. 

It  is  impossible  to  say  how  much  carbon  is  permanently  withdrawn 
from  the  atmosphere  by  these  several  agencies.  There  is  reason  to  be- 
lieve that  it  is  quite  as  great  as  the  quantity  added  to  the  air  by  the 
combustion  of  coal,  and  by  the  evolution  of  carbonic  acid  in  volcanic 
districts.  Indeed,  the  supply  from  these  two  sources  appears  to  return 
only  a  small  portion  of  that  carbonic  acid  which  is  abstracted  from  the 
air  by  the  agencies  just  stated,  and  which  have  been  in  operation  during 
every  ge<riogical  epoch. 


CbiitflMOfu.— The  general  conclusions,  therefore,  which  we  seem  jus- 
tified in  drawing  in  regard  to  the  supply  of  carbonic  acid  to  the  atmos- 
phere are  as  fcMow  :— 

1^.  That  a  large  portion  of  the  carbonic  acid  absorbed  by  plants  is 
immediately  and  directly  restored  to  the  air  by  the  respiration  of  the 
animals  which  feed  upon  vegetable  productions. 

2^.  That  a  still  larger  portion  is  more  slowly  returned  by  the  gradual 
re-conversion  of  vegetable  substances  into  carbonic  acid  and  water  dur- 
ing the  process  of  natural  decay. 

3°.  That  nearly  all  the  remainder  is  given  back  in  the  results  of  or- 
dinary combustion* 

4^.  That  a  further  portion,  which  has  not  previously  existed  in  the 
atmosphere  of  our  time,  is  conveyed  to  it  by  the  burning  of  fossil  fuel, 
and  by  the  emission  of  carbonic  acid  from  cracks  and  fissures  in  the 
surface  of  the  earth ;  yet  that  the  quantity  thus  added  cannot  be  sup- 
posed to  exceed  that  which  is  constantly  and  permanently  separated 
from  the  atmosphere  by  other  causes. 

The  balance  of  all  the  evidence  we  possess  is  probably  in  favour  of 
the  opiuion  that  the  carbonic  acid  in  the  atmosphere  is  slowly  diminish- 
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ing ;  we  have,  however,  no  satisfactory  evidence  either  from  ihecrry  or 
experiment  that  it  has  undergone  any  sensible  diminution  in  our  time.* 

§  4.  Oflhe  supply  of  ammonia  topianU* 
In  a  previous  leetare  it  has  been  shown  that  in  our  cultivated  fields 
plants  aerive  a  portion  of  their  nitrogen  from  the  manure  which  is  added 
to  the  soil.  But  the  quantity  of  this  element  present  in  the  manure, 
supposing  it  all  taken  up  and  appropriated  by  the  plant,  is  seldom  e<|uai 
to  that  contained  in  the  series  of  ccops  which  this  manure  assisu  in  raising. 
Thus,  in  the  experiments  of  BoussingauU  already  described  (p.  144y, 
the  manure  added  previous  to  the  first,  or  four  years*  course,  contained 

157  parts  of  nitrogen,  while  the  crops  contained  251  parts,— or  neorfy 
two-thirds  more  than  could  he  derived  from  the  arHficud  manure* 

Whence  is  this  excess  of  nitrogen  derived,  and  in  what  form  does  it 
enter  into  the  plant  ?  Liebig  replies  to  these  questioiis,  that  the  whole 
of  the  nitrogen  absorbed  by  plants  enters  in  the  state  of  ammonia,  and 
that  the  excess  above  what  is  present  in  the  manure  is  drawn  either 
from  the  soil  or  from  the  air.  This  opinion,  advanced  by  so  high  an 
authority,  demands  our  attentive  consideration. 

Ammonia  has  been  detected  in  many  clays,  and  traces  of  it  may  ba 
discovered  in  most  soils,  but  it  is  not  known  to  be  a  natural  or  essential 
constituent  of  any  of  the  solid  rocks  of  which  the  crust  of  the  globe  is 
composed.  These  clays  and  soils,  therefore,  may  be  supposed  to  have 
derived  their  ammonia  from  the  atmosphere ;  and  Liebig  ascribes  tha 
fertilizing  action  of  the  air  upon  stifi*clays  when  fallowed,  of  buraed  clay 
when  applied  as  a  top-dresaing,  and  of  gypsum  on  grass  lands  [see  nota 
to  page  531,  to  the  larger  quantity  of  ammonia  which  the  surface  of  the 
soil  is  by  these  means  caused  to  absorb  and  retain. 

There  is  no  question  that  ammonia  is  present  in  the  atmosphere  in 
small  and  variable  quantity  (p.  37).  Whence  is  this  ammonia  derived, 
and  is  its  quantiiv  sufficient  to  supply  the  demands  of  the  entire  vegeta- 
tion of  the  globe  7 

When  animal  substances  undergo  decay,  nearly  all  the  nitrogen  tbey 
contain  is  ultimately  separated  from  the  other  consliluents  in  the  form  of 
ammonia.  During  the  decay  of  plants  also,  a  portion  of  their  nitrogen 
escapes  in  the  state  of  ammonia.  Of  tho  ammonia  thus  formed,  much 
ascends  into  the  air,  chiefly  in  combination  with  carbonic  acid  as  carbonate 
of  ammonia  (smelling  salts),  and  much  remains  in  the  soil.  Were  the 
whole  of  the  nitrogen  contained  in  plants  and  animals  to  assume  the 
form  of  ammonia  when  they  decay,  and  to  remain  in  the  soil  or  in  the 
air,  it  would  always  be  within  the  reach  either  of  the  roots  or  leaves  of 
the  living  races;  and  thus  the  same  ammonia  [or  ammonia  containing 
the  same  nitrogen — supposing  the  hydrogen  to  have  been  changed] 
might  again  and  again  return  intothe  circulation  of  new  vegetable  tribes, 
and  be  always  alone  sufficient  to  supply  all  the  demands  of  the  exist- 
ing vegetation  of  the  globe. 

But  of  the  ammonia  thus  formed,  a  portion  is  daily  washed  from  the 
soil  by  the  rains  and  carried  to  the  sea,  and  much  more  probably  is 

*  la  another  work  iChemiad  Geoiory)  now  preparing  for  publieaUon,  I  have  dtocaaaed 
tnta  gaeailoa  In  conneeiioo  with  purely  Geological  conttdenUona  and  wIUmM  rafereofte  to 
our  time  ;  trat  It  would  be  out  of  place  to  iam>duc«  here  any  Iraio  of  reatonfaif  wbicbls  not 
calculated  to  ttuow  light  on  Uie  phenomena  of  Uie  exiaUng  vegetation  ol  the  globe. 
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washed  from  tae  urby  th«  waters  of  theses  itself,  or  by  the  rains  which 
fall  directly  into  the  wide  oceans ;  and  we  know  of  no  oompensatiog 
process  by  which  this  ammonia  ctm  be  restored  to  the  air,  and  again 
made  useful  to  vegetation. 

Besides,  of  that  which  still  remains  in  the  air  much  most  undergo 
decomposition  by  natural  processes,  in  treating  in  a  preceding  section 
of  the  evoludon  of  light  carburetted  hydrogen  du-ing  the  slow  decay  of 
vegetable  matter  (p.  153),  I  have  shown  how,  in  consequence  of  its  ad- 
mixture with  the  oxygen  of  the  atmosphere,  this  gas  is  lineli^  decom- 
posed, while  carbonic  acid  and  water  are  produced.  Ammonia  in  like 
manner  will  burn  in  oxygen  gas,  and  when  mixed  with  atmospheric  air 
may  be  decomposed  by  the  electric  spark— water  at  tlie  same  time  being 
formed  and  nitrogen  set  free.    Thus, 

if  with    1  of  Ammonia  =  NH3 
we  mix  SofOxTOEN    =  O3 

■         3  of  wiuer.    1  of  oltrogen. 
we  have  the  sum  NH3  O,  =  3  HO  -|-  N 

or,  when  diffused  through  the  air,  1  of  ammonia,  with  the  aid  of  3  of 
oxygen,  will  yield  3  of  watery  vapour,  while  the  nitrogen  may*  mingle 
with  the  air  in  an  elementary  form.  Can  we  doubt  that  ammonia 
is  thus  decom|iosed  in  the  air  f  Not  to  speak  of  other  forms  assumed 
by  the  electricity  of  the  atmosphere,  can  the  thuoder-stormsof  the  tropi- 
cal regions  pass  unheeded  tlie  ammoaiacal  vapours  they  must  meet 
with  in  their  course  ? 

I  conclude,  then,  that  of  the  ammonia  which  is  formed  from  the  nitro- 
gen actually  existing  in  animal  and  vegetable  substances  durinc  their 
decay,  only  a  eomparaiivdv  small  portion  ever  returns  again  to  minister 
10  the  wants  of  new  races. f 

But  if  plants  obtain  all  tlieir  nitrogen  from  ammouia,t  how  is  this 
waste  repaired — whence  are  new  supplies  constantly  derived  7 

We  have  seen  thai,  in  certain  volcanic  conntries,  carbonic  acid  is 
evolved  in  vast  cpiantities  from  renu  and  fissares  in  tlie  earth.  In  some 
of  these  districts — and  this  has  been  observed  more  especially  in  lul^ 
and  Sicily,  and  it  is  said  ^so  to  some  extent  in  China-— ammonia  is 
likewiw  given  oflT,  in  combination  generally  with  some  acid,  and  most 
frequently  with  the  muriatic  acid  in  tbe  form  of  saUammoniac  (muriate 
of  ammonia).  "  This  amfmnia,"  Liebig  is  correct  in  saying,  '^Aos  not 
been  produced  by  the  animal  organism  ;*'  but  he  assumes  a  very  doubt- 
ful position  when  he  adds,  **it  existed  before  the  ereatkn  of  human  be- 
ings ;  it  is  a  part,  a  primary  constituent  of  the  globe  itM^'*— -[Organic 
ChemistTy  applied  to  Agriculture,  p.  112.] 

Where,  we  might  ask,  has  this  ammonia  existed  during  all  past  time 
—from  what  deep  caverns  of  the  earth  does  it  aow  escape  ? 

*  tmj  mtm,  foMne  II  may  ai  the  aame  ttes  eomUoe  wKh  oijrim  and  fansk  mHiIo  add. 
— 8e«  Uie  foUowlDK  secUon,  p.  239. 

f  I  BAifht  add,  that  of  the  ammonia  whleh  doaa  return,  and  la  again  alMorl>ed,  a  porUon  la 
■Qbaeqaendy  decomposed  In  Uie  Interior  of  UTing  plants,  as  la  shown  bj  the  evolaUon  of 
nttrof  eo  Ikom  Che  common  leaves  of  some  and  the  flower  leaves  of  oUiers. 


tdd  iNotaccT  raoBUGTioa  or  akiioria. 

This  opiDioo  of  Liebigt  «•  well  as  the  paramouBt  influeuce  be  as- 
cribes to  ammonia  over  3ie  vegetation  of  the  globe,  are  based  chiefly  oa 
the  fact  tfiat  we  know  of  no  means  by  which  ammonia  can  be  formed 
by  the  direct  union  of  the  hydrogen  and  nitrogen  of  which  it  consists. 

But  the  production  of  ammonia,  by  the  indirect  union  of  these  ele- 
ments, is  daily  going  on  in  nature,  and  can  even  be  effected  by  difier- 
ent  processes  of  art.     Thus — 

1^.  When  organic  substances,  which  contain  no  nitrogen,  are  oxidizad 
in  the  air,  ammonia  is  not  unfrequently  formed  (Berzelius).  Hence 
it  must  be  produced  in  unknown  quantity  during  the  annual  decay  of 
all  vegetable  substances. 

2°»  When  organic  substances  are  oxidized  in  the  presence  of  air  and 
water — as  when  moist  hon  filings  are  exposed  to  the  air  (Chevallier), 
or  when  certain  oxidized  substances  are  decomposed  in  the  air  by- 
means  of  potassium  (Faraday),  or  when  metals,  such  as  tin  filings,  are 
rapidly  oxidized  by  means  of  nitric  acid,  ammonia  is  also  })roduced  ia 
variable  quantity.  Hence  the  absorption  of  oxygen,  even  by  the  inor- 
ganic substances  of  the  sell,  may  give  rise  to  the  formation  of  amoiooia. 
But, 

3**.  The  ftict  which  most  clearly  illustrates  the  production  of  am- 
monia in  nature,  both  on  the  surface  of  the  earth,  in  the  soil,  and  far  io 
the  interior  near  the  seat  of  volcanic  fires,  U  this,  that  if  a  currant  of 
moist  air  be  made  to  pass  over  red-liot  chancoal,  carbonic  acid  and  am- 
monia are  simultaneously  formed.*  This  is  in  reality  only  a  repetitien 
in  another  form  of  what  takes  plaee,  as  above  stated,  when  vegetable 
matter  decays,  or  iron  filings  rust  in  moist  air.  The  carbon  and  the  iron 
decompose  the  watery  vapour  in  the  air,  and  combine  with  its  oxygen, 
while,  at  the  instantf  of  its  liberation,  the  hydrogen  of  the  water  com- 
bines with  the  nitrogen  of  the  air,  and  forms  a;tnmoiiia. 

The  source  of  the  ammonia  evolved  in  volcanic  districts,  therefore,  is 
no  longer  obscure.  The  existence  of  combustible  matter  in  such  dis- 
tricts, and  at  great  depths  beneath  the  surface,  can  in  few  cases  be 
doubted,  and  the  passage  of  a  mixed  atmosphere  of  common  air  and 
steam  over  such  combustible  matter,  at  a  high  temperatare,  appears  to 
be  alone  necessary  to  the  production  of  ammonia.  It  is  unnecessarv, 
then,  to  have  recourse  to  doubtful  speculations  in  order  to  account  &r 
the  natural  reproduction  of  ammonia,  to  a  certain  extent,  in  the  place 

*  Tbis  ezperiin«t  is  easily  performed  by  drauting  a  earrentof  mind  atnospherie  tlr 
and  Hteam  through  a  red-hot  gun-harrel  filled  wiih  well-bumed  ciiarcoal,  and  causing  the 
current,  on  leavfng  the  iMirel,  to  pass  through  water  acidolated  with  muilatie  acid.  After 
a  time,  the  water,  on  evaporation,  will  be  found  to  contain  traoes  of  aal^ammontec.  What 
thus  talies  place  in  a  amaJi  experiment  of  ibis  Icind  muat  more  readily  and  more  largely 
take  place  m  the  Interior  of  the  earih,  where  combuatible  substancee  at  a  high  temperalure 
happen  lo  be  exposed  to  a  current  of  atmoaplieric  air,  mixed  with  watery  ntponr. 

t  A  beauurul  illuainitton  of  the  tendency  which  elementary  sutMlancea  have  to  unite  with  ^ 
each  oUier  at  the  imHaiU  of  their  liberation  In  what  chemtet a  call  their  nement  atale,  la  meu- 
tioned  by  Runge. — Einteitung  in  die  techniscke  C^emie.  p.  373. 

If  1  pnrt  of  hydrate  of  potaah  and  '/O  of  iron  filioga  t>e  heated  together,  hydrogen  tody  ia 
givtnaff. 

If  I  oT  nitrate  of  potaah  and  20  of  Iron  filfnga  be  heated  together,  nitrogen  mdy  iwgivmqff^.  [ 

But  if  40  of  iron  flJings  be  mixed  with  1  of  hydrate  and  1  of  nitrate  of  potaah,  and  then 
healed,  ammonia  beeomm  perceptible. 

The  nitrogen  aod  hydrogen  being  ghren  off  together,  at  the  same  Instant,  aome  pofttona 
of  each  find  themselves  In  a  condition  to  unite,  and  than  ammonia  Is  produced.  The  same 
result  must  follow  in  many  natatttl  operations,  when  hydrogen  and  nitragen  are  aet  tn^ 
from  a  prevtoua  alaia  of  eomMMUon,  at  ihs  same  tine,  and  lo  the  prsseass  of  one  aaolhsr. 
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Of  that  which  k  coDstamfy  onderyiiDg  dicomlnritkiD  W  tha  aMncy  of 
causes  such  as  those  above  described.  »««°'5y  ox 

But  is  the  indefinite  quantity  of  ammonia  reproduced  by  these  iodi- 
r€ct  methods  sufficient  to  replace  aU  that  is  lost?  Can  it  te  stmi^ 
to  impart  to  plants  all  the  oitroc^n  they  recruire  ?  Thewi  qucationrwai 
be  considered  m  the  following  section.  «»"«"»  wm 

§  5.  Of  the  supply  of  nitric  acid  to  plants. 

In  regard  to  the  action  of  niiric  acid  upon  vegetauon  it  is  known— 

1.1  liat  when,  in  the  form  of  nitrates  of  soda,  potash,  &c-  it  is 
spread  upon  the  soil,  it  greatly  promotes  the  groWih  and  luxuriance  of 
the  crop  and  increases  its  produce ;  and 

^  2«>.  That,  when  other  circurastancs  are  favourable  to  vegetation— as 
in  certam  disincts  in  India— the  presence  of  an  appreciable  Quantity  of 
these  nitrates  adds  largely  to  the  fertility  of  the  soil.* 

The  same  effects  are  unquestionably  produced  by  the  addition  of  am- 
monia or  by  Its  natural  presence  in  tlie  soil.  The  beneficial  influence 
or  both  compounds,  (hen,  being  recognized,  the  relative  extent  to  which 
each  operates  upon  the  general  vegetation  of  the  globe  will  be  main- 
ly deiermiUed  by  the  circumstances  and  the  quantity  in  which  thev  res- 
pectively exist  or  are  reproduced.         . 

In  regard  to  the  existence  of  nitric  acid,  it  is  not  known  to  form  a 
necessary  consiiiuem  of  any  of  the  solid  rocks  of  whic*  the  crust  of  the 
globe  IS  composed,  but  is  diffused  almost  universally  through  the  soil 
which  overs])reads  ihe  surface.  In  the  hotter  regions  of  the  earth,  in 
India,  in  Africa,  and  in  South  America  (p.  56),  it  in  many  places  accu- 
mulates in  sufficient  quantity  to  form  incrustations  of  considerable  thick- 
ness over  very  large  areas,  and  in  many  more  it  can  be  separated  by 
washing  the  soil.  Even  in  the  climates  of  Northern  Europe,  it  is  rare- 
ly absent  from  the  waier  of  artificial  wells,  into  which  the  rains,  after 
fillenng  through  the  surface,  are  permitted  to  make  their  way.f 

On  the  whole,  nitric  acid  and  its  compounds  api)ear  to  exists  ready 
formed  in  nature,  in  larger  quantity  than  either  ammonia  or  any  of  its 
compounds.  '' 

2f  «wh  JI  .if 'S"*'"**  of  BarocUo,  in  Renfrewsbire,  whoMlong  residence  In  the  di«lrtcM 
tSnioy  veA^ljwble*?  vveU  wlhc  inlereat  lie  takea  iu  practical  agriculture,  render*  bU  lea- 

-./!iT***  ?*'*«■  of  Chaprah,  Tirhool,  and  Shahabad,  near  Paina.  when  a  large  proportion 
oiine  nupeire  sent  from  Bengal  is  producedjare  considered  the  most  fertile  in  Beiural. 
>rodocinf2imd  someiim^^s  3  crops  yearly.  The  natives  of  these  districts,  panlcolarly  a 
2J*e  called  Qiiirees  (hereditary  gardeneni),  who  coliiTate  the  best  land,  and  pniduce  Uie 
n^l«I?^  aie  in  the  liabit  of  irrigaUng  Iheir  fields  with  water  from  wells  so  sU^ngly  im- 
iu2R- .  Jf  ****  ■***P*'*'^  and  other  salts  as  to  be  quite  brackish,  and  they  consider  onions, 
U^ii^^J!'^  ""'?  beoeflried  by  thh  irrigation.  Grain  cropa  also  grow  most  huurlanC- 
wed  fa  2oi.^  iS  *!f  "!i*'P«'i«'  wjiere  there  ia  enough  of  rain  wlihin  a  weeic  or  (wo  alter  Uie 
l5.fb?cS^yaow*^^^  for  3week.oramontb,the 

fael^M{S*o!Si^*  ««neraUy  manure  their  la&da,  aa  the  dusg  of  Uie  cattle  la  oaed  for 
wire  in  sime^Z!.£?5ry.^*w"*^"  *»^  ^"^  ^""«  *°<*  «*'  ^^rnedTwood,  and  use  it  aa  a  ma- 

J  ViIL  n"5  ^^"^  ^^\^y  *' »'»®  poppy  p*">^ 

^aniMMo/ftnSlinJ®!^^**?!*'®*^"**"'^^^^^  tt»eroialkmofcn>pt,aod  the  ad- 

riS^d^  i2.Z  i  «nV  f'i""^^  1«'*^**  proportion  of  the  land  is  almost  constantly  in 
nee,  inutan  cora,  or  mUlet,  during  the  rainy  aeaaon,  and  In  wheat  or  peas  dartoi  the  dry 


t.^  «f^i?  w  •  ^"^  ^^  **»«  neighbourhood  of  Beriln  cMiracherilch),  hi  the  form  of  iH- 
tntaeof  poukab,  lime,  and  magnesia.  In  Uie  wells  around  Stockholm,  aad  may  be  expected 
in  ail  wella  (hat  are  dug  (Beraelius>I-7Vaae  de  Chtmit,  It.,  p.  71.      *  ^      expecwa 
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Of  these  nitratee,  as  they  do  of  ammonie,  the  rirera  must  be  continu- 
ally  bearing  a  portioD  to  the  aea,  but  there  are  in  nature  unceasing  pro- 
cesses of  reproduction,  by  which  not  only  this  waste  of  the  nitrates  is 
repaired,  but  that  further  waste,  also,  which  is  caused  by  their  absorp- 
tion into  the  roots  and  subsequent  decoro position  in  the  interior  of  plants. 
Let  us  shortly  consider  these  processes  of  reproduction. 

1°.  When  a  succession  of  electric  sparks  is  passed  through  common 
air,  nitric  acid  (NO«)  is  slowly  but  seusibly  formed.  The  currents  of 
electricity  which  in  nature  traverse  the  aMuosphere  must  produce  the 
same  efllect,  and  the  passage  of  each  flash  of  lightning  through  the  air 
must  be  attended  by  the  formation  of  some  portion  of  this  acid. 

After  a  thunder-storm  plants  appear  wonderfully  refreshed ;  in  thun- 
dery weather  they  grow  most  luxuriantly,  aud  other  things  being  equal, 
those  seasons  in  which  there  is  much  thunder  are  observed  to  be  the 
most  fruitful.  Some  have  ascribed  these  results  to  the  immediate  agency 
of  electricity  on  the  growth  of  plants. — [Sprengel,  Chemie,  I.,  p.  99.J 
It  is  not  equally  possible  that  they  may  be  connected  with  this  necessary 
production  of  nitric  acid  ? 

In  the  rain  which  fell  during  17  thunder-storms,  Liebig  found  nitric 
acid  always  present  and  generally  in  combination  with  Time  and  am- 
monia. In  the  rain  which  fell  on  60  other  occasions,  he  could  detect  it 
only  twice.  In  minute  quantity  nitric  acid  is  difficult  to  detect.  How 
much  then  must  be  formed  in  a  thunder-storm,  even  in  our  climate,  to 
make  the  presence  of  this  acid  always  appreciable  in  the  rain  that  falls 
— >how  vast  a  quantity  in  those  warmer  cbmates  where  such  storms  are 
so  frequent  and  so  appalling ! 

2^.  When  a  mixture  of  ammonia  with  oxygen  gas  is  exploded  by 
passing  an  electric  spark  through  it,  a  quantity  of  nitric  acid  is  formed, 
even  when  the  oxygen  is  not  sufficient  to  oxidize  the  whole  of  the  am- 
monia* (Bischof).  Hence,  if  in  the  air,  as  we  have  seen  reason  to  be- 
lieve, the  ammonia  given  oflT  from  decaying  animal  matters,  and  from 
other  sources,  be  decomposed  by  the  atmospheric  electricity, — ^there  will 
necessarily  be  formed  at  the  same  instant  a  portion  of  nitric  acid,  at  the 
expense  of  the  nitrogen  of  the  ammonia  itself.  This  nitric  acid  will,  as 
necessarily,  combine  with  some  of  the  ammonia  which  slill  remains  in 
the  air.  Hence  the  existence  and  production  of  nitrate  of  ammonia  in 
the  atmosphere,  and  the  consequent  presence  of  this  acid  along  with  am- 
monia in  rain  water. 

Thus  the  very  cause  which  in  the  preceding  section  was  shown  M 
operate  in  constantly  diminishing  the  amount  of  ammonia  in  the  air, 
and  the  operation  of  which  certamly  renders  improbable  the  existence 
of  this  compound  in  the  atmosphere  in  the  large  quantity  supposed  by 
some  [see  especially  Liebig's  Organic  Chemistry  applied  U>  AgricuUvre^ 
p.  74],  this  same  cause  is  at  the  same  moment  constanclv  reproducing 
nitric  acid.  And,  though  much  of  what  is  thus  producer)  must  nece»- 
sarily,  as  in  the  case  of  ammonia,  be  carried  down  to  the  sea  by  the 
rains,  or  be  directly  absorbed  by  the  waters  of  the  ocean  themselves,  yet 

*  It  mm  aliown  •b.iv*  (p.  167).  that  1  of  ammonbi  (  NHa  )  requhws  3  of  oiygen  to  decom- 
poM  h,  forminc  3  of  water,  and  aauinf  the  nitrogen  free.  But,  lo  reality,  aa  Blachof  haa 
shown,  the  nlfirof  en  la  not  whoUy  aet  free,  but  a  portion  both  of  ita  hjrdvof  en  and  nitrogen 
combine  wiU)  oxygen  (are  oxidiMd)  at  Uie  MUDe  lostant,  fonalnf  ■tmullaneoualj  both  watsr 
(HO>,  and  nitrte  a«ld  (  NOf  ). 

uigmzeu  uy  >^-J  v^'^/'i  i\^ 
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it  is  obvious  that  in  whatever  propurtioo  we  may  soppoae  the  aramoiCtf 
of  the  air  to  reach  the  leaves  and  roots  of  plants,  in  do  less  propoitioii 
must  the  nitric  acid,  with  which  it  is  associated,  be  enabled  to  enter  ioto 
the  circulating  system  of  the  various  tribes  of  living  vegetables,  that 
flourish  on  every  quarter  of  tlie  globe. 

3^.  Ag^in,  we  have  seen  that,  during  the  decay  of  vegetable  substan* 
ces  in  moist  air,  emoionia  is  formed  at  the  expense  of  the  hydrogen  of 
the  water  and  of  the  nitrogen  of  the  air.  In  consequence  o(,  or  in  con- 
nection with,  such  decay,  nitric  acid  is  also  largely  producsed  in  nature. 

The  most  familiar,  as  well  as  the  most  instructive  examples  of  this 
formation  of  nitric  acid  is  in  the  artificial  nitre  beds  of  France  and  the 
north  of  Europe.  These  are  formed  by  mixing  earth  of  diflerent  kinds 
with  stable  manure  or  other  animal  and  vegetable  matters,  and  exposing 
the  mixture  to  the  air  in  long  ridges  or  conical  heaps,  which  are  occa* 
sionally  watered  with  liquid  manure,  and  turned  over,  to  expose  fresh 
portions  to  the  air.  After  a  time,  perhaps  once  a  year,  the  whole  is 
washed,  when  the  water  which  comes  on  is  found  to  contain  a  variable 
quantity  of  the  nitrates  of  potash,  soda,  lime,  and  magnesia,  which  are 
employed  for  the  manufacture  of  saltpetre.  In  these  nitre  beds  it  has 
been  observed  that  the  production  of  nitric  acid  either  does  not  take  plaee 
at  all,  or  only  with  extreme  slowness,  unless  animal  and  vegetable  mat- 
ler  be  present  in  considerable  proportion.  And  yet  the  quantity  of  nitric 
acid  which  is  formed  is  much  greater  than  could  be  produced  by  tha 
oxidation  of  tiie  whole  of  the  nitrogen  contained  in  the  organic  matters 
present  in  the  mixture.*  It  is  also  observed  that  the  nitre  beds  are  moi« 
productive  when  a  portion  from  one  outer  face  of  the  heap  is  lixiviated 
from  time  to  time,  and  ihe  washed  earth  added  to  the  other  side,  than 
when  the  whole  is  lixiviated  at  once,  and  again  formed  into  a  heap  and 
exposed  to  the  air. 

It  appears,  therefore,  that  organic  matters  are  in  our  dimaie  nece8ea<- 
ry  to  cause  the  formation  of  nitric  acid  to  commsitce,  but  that  after  it  has 
liegun  it  will  proceed  in  the  same  heap  for  an  indefinite  period,  and  aC 
the  expense  apparently  of  the  nitrogen  of  the  air  only* 

Compost  heaps  are  in  general  only  artificial  nhre  beds,  often  unskil- 
fully prepared  and  badly  managed,  producing,  however,  a  certain  quan- 
tity of  nitrates,  to  the  presence  of  which  their  efiect  on  vegetation  may 
not  unfrequently  be  ascribed.     To  this  fact  we  shall  hereafter  recur. 

The  scmIs  in  the  plains  of  India,  and  in  other  similar  spots  in  tlie  trop- 
ical regions,  may  be  regarded  as  natural  nitre  beds,  in  which,  the  decay 
of  organic  matter  being  vastly  more  rapid  than  in  our  temperate  regions, 
the  production  of  nitric  acid  is  rapid  in  profrartion.f 

4°.  But  in  many  localities  in  which  the  presence  of  organic  matter  is 

'  Doma^  TraiU  de  Chtmie^  H,  p.  726.  He  adds,  that  JOO  lbs.  of  nilre  contain  tbe  oitrofen 
of  75  Itw.  or  ordinary  animal  matter,  rappoaed  in  a  dry  alate,  or  of  300  or  400  IImi.  In  its  ordi> 
nary  ■tale  of  moiatare,— «  much  greater  relaiiva  proportloD  of  antaal  matter  than  la  vmt 
added  to  the  het^). 

f  We  are  aa  yet  too  UtUe  acnnainted  with  the  natanil  history  of  the  district  of  Ariea  in 
flbalh  America,  In  which,  aa  already  alated  (p.  66),  the  nitrate  of  aoda  has  been  accumulated 
in  Biich  larye  qoantity,  to  b<>  abl>*  to  aay  to  what  apeeial  cause  the  accumulation  is  due.  But 
aa,  from  the  decrrlpMon  of  Mr.  Darwin,  (he  locality  appears  to  have  been  the  aiie  of  an  an- 
cient lake,  it  ia  not  unlikely  that  the  nitrate  may  have  l>een  derived  fhim  the  successive 
WA#hlng8  of  a  soil  «lmUar  to  that  of  India,  by  laina  or  periodical  Aooda,  which  for  a  loof  pe* 
riod  emptied  themacivea  into  or  fed  the  lake. 

uigiuzeuoy  Google 
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not  to  be  recognised  in  eentible  qaantity,  the  production  of  this  acid  k 
observed  lo  proceed  with  a  coostaDi  and  steady  pace.  Thus,  from  the 
walls  of  certain  caves  in  Ceylon  a  layer  is  yearly  pared  off,  which 
yields  an  abundant  crop  of  saltpetre  (Dr.  John  Davy).  The  celebrated 
Mammoth  cave  in  Kentucky,  situated  in  a  limestone  ridge,  yields  an 
inexhaustible  supply  of  nitrate  of  lime.  Dunng  the  war  with  Great 
Britain,  fifty  men  were  constantly  employed  in  lixiviating  the  earth  of 
this  cave,  and  in  about  three  years  the  washed  earth  is  said  to  become 
at  strongly  impregnated  as  at  first.  Through  the  cave  a  strong  current 
of  air  is  continually  rushing— inwards  in  winter,  and  outwards  during 
the  summer  months.  On  die  plaster  of  old  walls,  especially  in  damp 
situations,  an  efflorescence  of  this  and  other  nitrates  is  frequently  ob- 
served over  every  part  of  Europe.  In  China,  according  to  Davis,  the 
old  plaster  of  the  houses  is  so  much  esteemed  as  a  manure,  that  parties 
will  often  purchase  it  at  the  expense  of  a  coating  of  new  plaster.  Old 
clay  walls,  and  especially  the  walls  of  clay-built  huts,  are  said  to  be 
very  fertilizing  to  the  land,  when  applied  as  a  top-dressing,  and  in  some 
parts  of  England,  where  the  land  is  poor,  the  people  are  said  to  pile  up 
the  soil  in  the  form  of  walls,  in  order  to  improve  iu  quality.  These  lat* 
ter  facts  seem  to  indicate  that  both  in  China  and  England  nitric  acid  is 
produced  in  similar  circumstances,  and  that  to  its  production  the  ferti* 
lising  action  of  the  old  plaster,  and  of  the  weaUicred  clay,  is  alike  to  be 
attributed. 

In  the  cultivated  soil  also,  this  acid  is  formed  in  ordinary  circum- 
stances. Braoonnot  found  nitrate  of  potash  in  the  botanic  garden  at 
Nancy,  in  a  portion  of  soil  in  which  poppies  {papaver  tomniferum)  had 
grown  luxuriantly  for  ten  years  in  succession— in  larger  quantity  in  the 
soil  surrounding  the  interlaced  roots  of  an  esdepias  incartuUa,  growing 
in  an  ordinary  flower-pot,  with  a  hole  in  the  bottom— -as  well  as  in  moss 
earth,  in  which  a  plant  of  euphorbia  breoni  had  been  grown  in  a  pot.— 
[Arm,  de  Chim.  et  de  Phys.^  ixxii.,  p.  33  to  35.]  There  is  little  reason 
to  doubt,  indeed,  that  nitrates  are  to  be  found,  in  greater  or  less  quantity, 
in  all  cultivated  soils. 

I  shall  not  enter  into  a  detailed  inouiry  how  this  nitric  acid  is  formed. 
It  is  probable  that  as  in  the  atmosphere  ammonia  may  be  decomposed 
and  give  rise  to  the  formation  of  nitric  acid,  so  in  the  soil  this  acid  may 
result  from  a  nmilar  decomposition,  proceeding  more  slowly,  but  accord- 
ing to  the  same  natural  laws.  In  warm  climates,  indeed,  it  appears 
certain  tliat  the  ammonia  which  is  evolved  or  formed  during  the  decay 
of  animal  and  vegetable  substaix;es,  does  speedily,  and  to  a  great  extent, 
undergo  oxidation,*  and  thus  give  rise  to  the  greater  abundance  of  nitric 
acid  with  which  the  tropical  soils  abound. 

Thus,  in  the  economy  of  nature,  much  ammonia  is  decomposed  in  the 
soil  also,  and  hence  another  cause  for  the  constant  diminution  of  the 
quantity  of  this  compound  in  addition  to  those  already  detailed  in  the 
preceding  section. 

But,  besides  the  portion  of  this  nitric  acid,  which  owes  its  existence  to 

*  For  tbs  psrfect  oxidation  of  1  of  Ammoni*,  no  Iom  than  8  of  oxygen  aro  roqutn^.  Thus 
J  of  lof         8of 

Ammonia.         Nitfic  Acid.  Wiiter. 
NH3  +80x:N0ff  +  3HO. 
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dw  deeomposiiioD  of  amtnoDia,  nmelu  by  far  the  crematt  propoftion  in 
all  probability,  derires  its  origia  from  ihie  uoion  of  the  eleineots  of  the 
attnoaphere  itself.  This  direct  union  is  efiected  in  the  air,  as  has  been 
already  shown,  by  the  agency  of  atmospheric  electricity ;  but  it  also 
takes  place  in  the  soil  during  the  oxidation  of  the  other  elements  con- 
tained in  the  organic  matters  which  are  there  undergoing  decay.  The 
combination  of  Uie  elements  of  ammonia  in  such  circumstances  proceeds 
on  the  principle  that  bodies,  themselves  undergoing  oxidation,  ditpote 
other  substances  in  contact  with  them  (in  this  instance  the  nitrogen  of 
the  air)  to  unite  with  oxygen  also.  The  presence  of  lime,  potash,  dec. 
in  the  soil,  further  indaces  to  this  oxidation  by  the  tendency  of  these  sub- 
aiances  to  combine  with  the  acid  which  is  formed  by  this  union  of  the 
elements  of  which  nitric  acid  consists.— It  is  impossible  precisely  to  ea- 
timaie  the  quantity  of  nitric  acid  produced  in  these  various  ways,  through 
these  various  agents,  and  in  tliese  varied  circumstances,  or  to  balance  it 
aeeuratdy  against  the  amount  of  ammonia  continually  renroduced,  as 
we  have  seen,  in  nature,  wherever  the  necessary  condioons  present 
themselves.  But,  as  I  formerly  concluded,  that  the  amount  of  nitric 
acid  actually  existing  in  the  superficial  deposiu  of  our  globe  is  greater 
than  that  of  ammonia,  so  I  think  tliat,  in  regard  to  the  reproduction  also 
of  these  two  compounds,  the  balance  is  in  favour  of  the  former. 

Since,  then,  nitric  acid  is  fitted,  by  the  solubility  of  its  compounds,  to 
enter  into  the  circulation  of  plants  in  any  quaotity-^since,  when  applied 
to  them*  it  does  undoubtedly  promote,  in  a  remarkable  degree,  the  growth 
of  planta— and  since,  in  nature,  it  is  continually  reproduced  in  every 
eooiKry,  and  under  such  varied  ciroumstances-^I  canooc  withhold  my- 
aelf  from  the  conclusion,  that,  over  the  general  vegetation  of  the  globe, 
it  holds  with  ammonia  at  least  an  equal  sway«  and  is  appointed  to  exer- 
cise at  least  an  equal  influence  over  the  growth  of  plants,  both  in  their 
natural  and  in  their  cultivated  state. 

Still  the  influence  of  each  is  not  unvaried  by  looality  or  by  climate. 
'the  extent  of  dominion  exercised  by  the  nitrates  probably  diminishes  as 
we  recede  from  the  equator,  while  that  of  ammonia  increases,— it  may 
be  in  an  equal  proportion.  The  reason  of  this  probable  variation  will 
appear  in  the  folk>wing  section. 

§  6.  Theory  of  the  actum  <^  nitric  acid  and  ammonia. 
These  two  compounds  act  so  far  in  common  as  to  yield  a  supply  of 
nitrogen  to  the  plants  into  which  they  enter.    They  do  so,  however,  un- 
der oooditkms  which  may  be  considerably  difierent,  and  may  be  attend- 
ed by  unlike  chemical  changes. 

I. — THEORY  or  THE  ACTION  OF  JflTRIC  ACID. 

1^.  The  nitric  acid  of  the  nitrates  entering  into  the  circulatbn  of  the 
roots  will  ascend  to  the  leaf,  and  will  there  be  decomposed  in  ihe  same 
way  as  the  carbonic  and  other  similar  acids  are,  by  the  action  of  the 
sun's  rays.  It  is  only  in  the  light  of  day  that  carbonic  acid  is  decom- 
posed in  the  green  parts  of  plants — so  must  it  be,  generally,  with  the 
nitric  acid  which  ascends  to  (he  leaf.  Its  oxygen  will  be  given  ofl*, 
while  its  nitrogen  may  be  retained  in  the  circulating  system  of  the  plant. 
The  extent  to  which  this  decomposition  will  take  place  at  each  passage 
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of  the  8ap  tiiiough  the  leaf  will  depend,  in  some  degree,  on  the  natore 
<^tiie  base  (wlieiher  potash,  soda,  or  lime,)  with  which  the  acid  is  in 
combination,  but  much  more  on  the  intensity  of  the  light  to  which  the 
green  parts  of  ihe  plant  are  exposed,  and  on  the  temperature  of  the  air  in 
which  the  plant  happens  to  grow. 

2^.  It  is  still  uncertain  whether  this  acid  is  capable  of  being  decom- 
posed in  the  roots  or  stems  of  plants  where  it  is  excluded  from  the  light, 
though  it  is  very  probable  that  it  may  be  so,  especially  in  cases  where 
the  juices  naturally  contain  substances  in  which  hydrogen  is  present  in 
excess,  or  where  such  compounds  make  their  way  into  the  circulation 
of  plants  from  the  manure  tliat  may  be  applied  to  their  roots. 

Thus  in  the  pines,  in  which  turpentine  {C^^  H,,)  naturally  abounds, 
such  a  decomposition  may  the  more  readily  occur,  inasmuch  as  it  wonld 
not  necessarily  imply  the  production  and  evolution  of  any  gaseous  sul^ 
stance.     Thus 

1  of  Oil  op  TaRPENTiicB,  =:  C^o  H39         with  the  oxygen  of 
1  ofNiTUc  AciDlNOfi)    =  O3  gives 

1  of  Resin, =  C4,  H,,   O, 

By  uniting  with  the  oxygen  of  the  nitric  acid,  therefore,  oil  of  turpen- 
tine, in  such  trees,  might  be  changed  into  resin  during  its  passage 
through  the  stem,  while  the  nitrogen,  being  set  free,  might,  at  the  mo- 
ment of  iu  liberation,  unite  with  other  elements  to  form  those  parts  or 
productions  of  the  tree  into  which  this  element  enters  as  a  necessary 
constituent. 

The  above  must  be  considered  merely  as  an  illoatration  of  the  kind  of 
changes  which  may  possibly  take  place  in  the  interior  of  certain  plants, 
and  in  the  absence  of  light,  when  the  nitrates  happen  to  he  present. 
Were  I  to  afUrm  that  such  changes  actually  do  occur  in  the  presence 
of  nitric  acid,  the  theoretical  chemist  would  have  a  right  to  expect  that 
several  ooUateral  questions  should  be  discussed,  the  consideration  of 
which  would  here  be  out  of  place. 

3°.  The  nitrates  may  also  act  in  another  way,  which  does  not  involve 
the  necessity  of  the  total  decomposition  of  the  acid  they  contain.  We 
know  that  in  nature  many  substances  are  capable  of  inducing  chemical 
changes  in  other  compound  bodies,  without  themselves  undergoing  de- 
composition. Some  beautiful  illustrations  of  this  have  already  been 
given  in  a  previous  lecture,  when  treating  of  the  action  of  sulphuric  acid 
upon  starch  and  woody  fibre,  [Lecture  Vi.,  pp.  113,  114.]  But  the  fact 
which  most  immediately  bears  on  the  influence  of  the  nitric  acid  in  the 
living  plant,  is  that  mentioned  in  p.  126,— -that  by  solution  in  this  acid 
in  the  cold,  starch  is  converted  into  a  substance  having  the  composition 
of  woody  fibre.  In  the  interior  of  the  plant  changes  of  this  kind  may 
be  produced  by  simple  contact  only,  with  the  nunc  acid,  so  thai,  with- 
out being  decomposed,  it  may  be  materially  serviceable  in  promotion 
those  molecular  chaoges  which  are  necessary  to  the  healthy  and  rapia 
growth  of  the  planu 

II. — THEORY   OP  THE  ACTION   OP  AMMONIA. 

1^.  Ammonia  is  capable  of  contributing  to  the  growth  of  the  plant, 
by  means  of  the  hydrogen,  as  well  as  of  the  nitrqgen  it  contains.    We 


IS  AMMONIA  DECOMPOSED  tlT  THE  DAftK  7  105 

bave  seen  [ootes  to  pages  136  and  138,]  that,  acoorffing  to  fhe  results 
of  the  best  experiments,  the  whole  of  the  osygen  of  the  carbonic  add 
absorbed,  is  not  given  off  by  the  leaves  of  all  plants  even  in  the  sun- 
shine,— while  in  the  dark  this  gas  is  largely  and  directly  imbibed  fn>m 
the  air.  If  in  the  sap  of  a  plant  there  be  present  at  the  same  time  a 
quantity  of  ammonia,  the  hydrogen  of  this  ammonia  may  nirite  directly 
with  the  oxygen  of  the  carbonic  acid,  forming  water  and  a  proportionate 
quantity  of  one  or  other  of  the  several  compounds  (p.  112),  which  may 
be  represented  by  carbon  and  water.    Thus 

3  of  Carbowic  Acid,  =  Cj        Og  and  the  hydrogen  of 
1  2  of  Ammonia  (NH3)  =       H, 

■        jl^  of  Onpe  3  of 

Buctf.  Water, 

give  .  .  .  .  C3  Ha  Ob  =  C3  H3  O,  4-  3HO 
so  that  where  ammonia  is  present,  and  circumstances  are  favourable, 
sDgar  or  starch  may  be  formed  in  variable  quantity,  without  the  neces- 
sary evolution  of  oxygen  gas.  This  change  will  take  place  in  the  inte- 
rior of  the  leaf.  And,  if  the  direct  decomposition  of  carbonic  acid,  and 
the  evolution  of  its  oxygen  by  the  agency  of  the  eun,  take  place  at  the 
same  time— with  a  rapidity  proportioned  to  the  intensity  of  the  light,-^ 
this  simultaneous  production  of  sugar,  &c.,  from  the  presence  of  ammo- 
nia, most  aid  the  increase  and  growth  of  the  plant ;  and  may  be  one 
main  cause  of  the  fertilizing  action  of  this  compound,  which  has  been  so 
long  and  so  generally  recognized. 

When  the  hydrogen  of  the  ammonia  is  thus  worked  up,  the  quantity 
of  oxygen  which  escapes  from  the  leaf  must  be  less  in  proportion ;  and 
hence  another  cause  (p.  136)  for  those  discrepancies  which  have  been 
observed  in  regard  to  the  bulk  of  oxygen  given  off,  compared  with  that 
of  the  carbonic  acid  taken  in,  by  the  leaves  of  different  plants. 

But  at  the  same  time  the  nitrogen  is  set  free.  This  nitrogen  will 
either  be  again  compounded  in  the  plant  w*ith  other  elements,  or,  if  not 
required  for  its  healthy  giDwth — that  is,  if  more  largely  present  than  is 
required  by  the  plant— it  will  be  directly  emitted  by  the  leaves,  or  sent 
downwards  and  permitted  to  escape  by  the  root.  Hence  the  reason 
why  pore  nitrogen  is  evolved  from  the  leaves  of  some  plants  (p.  95), 
and  why  ammonia  exercises  a  beneficial  action  upon  vegetation,  in 
cases  where  all  the  nitrogen  it  contains  is  neither  retained  nor  required 
by  the  plant. 

Does  this  decomposition  necessarily  require  the  agency  of  light? 
May  it  not  take  place  in  the  absence  of  the  sun  ? 

I  will  mention  one  or  two  facts  which  seem  to  throw  light  upon  this 
point. 

1®.  Plants  grow  in  the  dark.  Though  feeble  and  blanched,  they  in- 
crease largely  in  bulk;  they  must,  therefore,  have  the  power  of  assimi- 
lating their  food  to  a  certain  extent,  independent  oflhesun^B  rays. 

2°.  Several  species  of  Poa,  Plantago,  Trifolium  arvense,  Chetrao- 
thus,  &c.,  become  green  in  the  perpetual  darkness  of  mines  (Hum- 
boldt). 

3<*.  When  a  little  hydrogen  is  mixed  with  the  air,  plants  become 
greenish,  even  in  the  dark  (Sennebier) ;  and  when  exposed  to  the  sun, 
tlw  gnen  beoomes  unusniUy  inteaae  in  toch  a  iiuiQreJ[Inj^iib(m^^ 
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The  immedkle  and  vimble  eflfeet  of  an  applicaikw  of  annnooia,  or  t£ 
800t«  or  of  any  top-dretsing  coDtaioing  ammouia,  is  to  render  tbe  green 
coloar  much  naore  intense,  and  in  the  darkest  weather.  It  is  tbexefiwD 
probabIe«  I  think,  that  the  hydrogen  of  the  ammonia  contributes  to  this 
immediate  efiect,  and  that  the  ammonia  itself  may  be  decomposed  and 
its  elemenu  appropriated  to  the  nourishment  of  the  living  vegetablot 
either  by  the  unaided  vital  powers  of  the  plant,  or  in  the  presence  of  a 
feeble  light  only.  Like  water,  ammonia  is  iieciJtaWy  liable  to  decom- 
position, not  always  of  that  perfect  kind  which,  ybr  the  sake  ofnmpUcUift 
I  have  endeavoured  to  explain  in  the  present  lecture,  yet  such  as  to  ren- 
der the  elements  of  which  it  consists  available  to  the  general  nourish- 
ment of  the  plant. 

§  7.  OomparttUve  injlmmce  of  nitric  acid  and  of  ammonia  in  different 
climaUs. 

It  follows,  from  what  is  above  stated,  that  the  beneficial  infliionce  of 
ammonia  upon  vegetation  will  be  readily  perceived  in  all  climates  io 
which  plants  are  found  to  flourish.  Its  eflfecu  will  be  greater  and  more 
rapid  where  the  heat  and  lisht  are  more  intense,^nly  because  by  theoe 
agents  the  functions  of  ail  life  are  stimulated. 

Not  so  with  the  nitric  acid  in  the  nitrates.  In  the  presence  of  oigaoic 
compounds,  that  is,  in  the  sap  of  the  plant,  it  is  less  easily  decomposed 
than  ammonio.  It  requires  tbe  interference  of  more  powerful  agents^— 
of  a  higher  temperature,  or  of  more  brilliant  Iigbt,-»and  thus  its  efficacy 
upon  vegetation  will  be  more  dependent  upon  season  and  climate. 

Now,  we  have  seen  that  in  tropical  countries  the  nitrates  aia  pmluccd 
in  the  greatest  abundance,  and  there  the  high  temperature  and  the  bril- 
liant sun  should  render  them  most  useful  to  vegetation.  Such  is  well 
known  to  be  the  case,  and  it  may  be  regarded  as  one  of  those  bountiful 
adaptations  with  which  all  nature  is  full— that  in  these  warmer  regions, 
the  ammonia  produced  in  the  soil  is  first  converted  into  nitric  add,  that 
it  may  remain  fixed^  and  that  this  acid  again  is  decomposed  by  the  same 
agents  (light  and  heat),  when  it  enters  the  living  plant,  and  is  required 
to  minister  to  its  growth.  On  the  other  hand,  it  may  no  less  be  regarded 
as  a  wise  provision,  that  in  colder  and  more  uncertain  climates,  where 
warm  and  brilliant  summers  are  less  to  be  depended  upon,  that  com- 
pound of  nitrogen  (ammonia)  should  more  abouikl,  which  is  most  easily 
decomposed  in  the  living  plant,  which  is  fitted  in  comparative  darkneaa 
to  yield  up  its  nitrogen,  and  by  the  hydrogen  it  contains,  to  compensate 
in  some  slight  degree  for  the  partial  absence  of  the  sun*s  rays. 

From  these  views,  therefore,  we  should  draw  this  further  practical 
conclusion — that  in  our  climate,  ammonia  is  sure  to  promote  yegetatioD, 
and  in  every  season,  while  the  nitrates  will  produce  their  lyummtaneOfect, 
othet  things  being  eciual,  in  such  only  as  have  abundant  warmth  and 
sunshine.  Is  this  conclusion  consistent  with  observation?  Will  it 
serve  to  explain  any  of  the  apparent  failures  which  have  occasionally 
been  experienced  in  tbe  employment  of  the  nitrates  2 

§  8.  SiimMlating  infiuence  of  these  compounds. 
There  remains  one  other  point  in  regard  to  the  efiect  of  these  two 
compounds  upon  vegetation,  to  which  I  would  re(|ue|t^y9Hi;  af^tioii. 


STiMULATIVe  Iff  riiUBKCK  or  niTltlC  ACW  AN»  or  AMMOltlA.      107 

We  bave  seen  that  the  quantity  of  okrogen  eootained  w  a  crop  raited 
by  the  aid  of  farm-yard  maoore,  is  very  much  greater  than  that  which 
exists  in  the  manure  itself,  and  the  views  just  exposed  serve  to  indicate 
the  sources  from  which  the  excess  is  derived.  But  suppose  that  upoa 
two  patches  of  ground,  of  equal  quality,  the  one  of  which  is  manured 
and  the  other  not,  equal  quantities  of  the  same  seed  be  sown,  it  is 
consistent  with  experience— that  the  crop  reaped  from  the  manured 
portion  will  not  only  contain  more  nitrogen  than  that  reaped  from  the 
unmanored  portion,  but  so  much  more  as  shall  considerably  exceed  that 
contained  in  the  manure  itself.  Thus  suppose  the  crop  raised  from  the 
onmaoured  land  to  contain  100  lbs.  of  nitrogen,  and  that  the  manure  laid 
on  the  other  portion  contained  100  lbs.  also,  the  crop  which  is  reaped 
from  thislaiter  portion,  in  favourable  seasons,  will  exceed,  and  probably 
very  far  exceed,  200  lbs.  Hence  the  effect  of  the  ammonia,  &c.,  in  the 
farm-yard  manure,  is  not  merely  to  yield  its  own  nitrogen  io  the  plant, 
but  to  enable  it,  in  some  way  hitherto  unexplained,  to  draw  from  other 
sources  a  larger  portion  of  the  same  element  than  it  would  otherwise  do. 
So  also  with  the  nitrates.  If  two  equal  portions  of  the  same  grass  or 
corn-field,  in  early  spring,  be  measur^  on,  and  one  of  them  be  top- 
dressed  with  nitrate  of  soda  or  with  saltpetre,  the  weight  of  nitrogen  eoo- 
tained in  the  crop  of  hay  or  corn  reaped  from  the  latter,  will  generally 
be  (bond  to  exceed  that  contained  in  the  crop  from  the  ibrmer,  by  a 
quantity  much  greater  than  that  which  was  present  in  the  nitrate  with 
which  the  land  was  dressed.*     In  addition,  therefore,  to  the  nitrogen  di- 

*  The  foUowing  ealcuktioni  UloMnte  the  elateinent  in  the  text  :~Mr.  Onijr,  of  Dllfton, 
ftM  JovrDBl  of  lUyal  English  A|tricalttiral  Society,]  appUed  Dluiue  of  wxk  to  g raat  tend  to 
the  pioportloD  of  1 12  Ita.  to  the  acre. 

The  produce  without  nitrale  amounted  to  2  tone  81  aUmee 
wiUi  112  lb*,  ofnitfate  to  3  tons  146  atoaea 

Increase,    1  ton     66  atonee.   or  3160  Iba. 
And  3160  -M12  =s  28X  the.  the  Increaae  of  haj  frDin  eaelipound  of  nlirate  of  anda.  ^    Bat  al- 
leWliig  thia  hay  to  contain  only  one  per  cent,  of  nitrof  en,  2h  Iba.  will  conlaln  AH  ouneea  of  n^ 
tragen,  which  la  neartj  double  the  quantity  actnally  preaenc  In  the  oilrale  employed. 

Afaln,  fn  the  caae  or  a  crop  of  grain— Mr.  Uyetc  aopUed  nitrate  of  soda  to  a  field  of  wheat, 
and  compared  the  produce  with  that  (torn  an  equal  portion  to  which  no  topdreaaing  was 
appneo* 

COKll.  STIULW. 

Bush.    plu.   pCa.  Cwt    qra.    Iba. 

NHrated 43       2       It  31       2        3 

Wttbout  nitrate    .    .    33       2        6  23       I       21 

Ezeeae,        10      iol        6  8      0       10 

Cnlcuhltng  the  bushel  of  corn  at  60  lbs.,  the  excess  of  com  amounted  to  600  iba.,  contalotaif 
2iH  per  cent  or  147  Iba.  of  gluten  and  albumen.  The  nitrofren  Ui  these  sobataaces,  when 
pniperiy  dried,  te  from  15  to  17  per  cent  If  we  auppoae  the  gtuten  not  to  have  been  quite 
dry,  and  allow  oolr  14  per  cenL  of  nitrogen,  147  Iba.  would  contain  SO;^  iba.  of  thia  element 

But  the  nitnied  com  contained  6  per  cenL  moregluteo  and  albumen  than  the  un-nllrated, 
which  In  83bnabela(900Olb&)  givea  lOOIba.  of  gluten  in  eseeaafCantaintagU  Ibe.  of  nitrogen. 

And  8  ewL  ofainw  (900  Ibe.>  contained  one-Uiird  of  aper  cent,  of  nltragen, [BouaaingaiiU J 
or  In  an  3  it>a. 

Therefore  the  quanUty  of  nitrogen  preeent  in  the  nitfsted  eropabove  that  to  die  nn-nltrated 

at  24)^  per  cent  of  gluten 20X  Iba.  Nitrogen. 

tat  6  percent  ofgtufenconlatoed  to  exceaa,    14     Iba.     do. 
atone>thlrdpereent 8    ton     do. 

Totolnitragen ss97)tflb^ 

• •   •   only  19  lba.< 

['  Dry  nitrate  of  aoda  contains  about  16X  P«r  cent  of  nitrafsn,  heing  10  toe.  to  the  ewt, 
er  two  and  three-flfthminoes  to  the  pound;  bntaalttonanallyai»ltod,aeontatosfrom6to 


lo.  In  600  Iba  of  wheat 
SO.  In  2000  Iba.  of  wheat 
80.  In900lta.ofasww 


Bat  tbenttroien  to  I  cwt  of  dry  nitratoof  aoda,  aa  already  atatad,  to  only  19  Iba.  orlittto 
italns  about  16X  P«r  cent  of  nitrafsn,  being  10 II 

...,^-..«  „w-w«J  to  the  pound ;  but  aa  H  to  nanaily  apolled,  U  eoi 

18pereeM.orwiitor.  Thenltraiaa,tfaeieton,HMybeeiitoBaMdnrfi3<o«neeetotaepoimd.] 
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rectly  conveyed  to  the  plant  by  these  nitrates,  they  also  exercise  some 
other  influence,  by  which  they  enable  the  living  vegetable  to  draw  from 
natural  sources  a  much  larger  supply  than  they  would  otherwise  be 
capable  of  doing.     What  is  this  in£uencef  and  how  is  it  explained  ? 

This  I  suppose  to  be  that  kind  of  influence  to  which  writers  on  agri- 
culture are  in  the  habit  of  alluding,  when  they  speak  of  certain  substan- 
ces stimulating  plants,  or  acting  as  stimulants  to  their  gtowth,  though  the 
term  itself  conveys  to  the  mind  no  distinct  idea  of  the  mode  of  operation 
intended  to  be  indicated— of  the  way  in  which  the  effect  is  produced. 

In  the  present  case,  this  special  action  of  ammonia  and  the  nitrates, 
and  perhaps  also  of  immediate  ap))licanons  of  manure  in  genera),  ap- 
pears lo  arise  from  their  aflbrding  to  the  plant,  in  its  early  youth,  a  copi- 
ous supply  of  nitrogenous  food,  by  vhich  it  is  enabled  at  once  to  shoot 
out  in  a  more  healthy  and  vigorous  manner.  Ii  thrusts  forth  roots  in 
greater  numbers,  and  to  greater  distances,  and  is  thus  enabled  to  extract 
nourishment  from  a  greater  extent  and  depth  of  soil  than  is  ever  reached 
'  by  the  sickly  plant — it  expands  larger  and  more  numerous  leaves,  and 
thus  can  extract  from  the  air  more  of  every  thing  it  contains  which  is 
fitted  to  supply  the  wants  of  the  living  vegetable;  as  the  stout  and 
healthy  savage  can  hunt  and  fish  to  support  many  lives,  while  ihe  feeble 
or  sickly  can  scarcely  secure  sustenance  for  himself  alone.  Feed  a  wild 
animal  well  the  first  few  months  of  its  life,  and  you  may  set  it  loose  to 
prey  for  itself;  starve  it  in  its  infancy,  and  its  growth  and  strength  will 
be  stunted,  and  it  may  lead  a  wretched  and  hungry  life. 

Even  in  soils,  iheu^  and  situations,  which  are  capable  of  yielding  to 
the  plant  every  thing  it  may  require  for  its  ordinary  growth,  it  is  an  im- 
]K)rtant  object  of  the  art  of  husbandry  to  discover  what  substances  are 
especially  necessary  or  grateful  to  particular  crops,  and  to  apply  these 
directly^  and  inahundance^  to  the  new-born  plain, — in  order  that  it  may 
acquire  sufficient  strength  to  be  able  to  avail  itself  in  the  greatest  degree 
of  the  stores  of  food  which  lie  within  its  reach. 

Concluding  observations  regarding  the  organic  constituents  of  plants* 

We  have  now  considered  the  most  important  of  those  questions  con- 
nected with  the  organic  elements  of  plants,  which  are  directly  interesting 
to  the  practical  agriculturist.     We  have  seen — 

1°.  That  all  vegetable  productions  consist  of  two  parts— one  the  or- 
ganic part,  which  is  capable  of  being  burned  away  in  the  air — ^tJie  other, 
the  inorganic  part,  which  remains  behind  in  the  form  of  ash. 

2°.  That  this  organic  part  consists  of  carbon,  hydrogen,  oxygen,  and 
nitrogen  only. 

3°.  That  plants  derive  the  greater  part  of  their  carbon  from  carbonic 
acid,  of  their  hydrogen  and  oxygen  from  water,  and  of  their  nitrogea 
from  ammonia  and  nitric  acid. 

4^.  That  by  far  the  largest  portion  of  those  substances  which  form 
the  principal  mass  of  plants,  such  as  starch  and  woody  fibre,  consists  of 
carbon  united  to  oxygen  and  hydrogen  in  the  proportions  in  which  they 

more  than  half  the  quaotHf,  which  in  eonseqaenee  of  the  preaence  nod  action  of  the  niirato 
the  wheat  was  enabled  to  obtain  and  appropriate  above  the  quantify  approprlaied  by  the 
wheat  in  the  un-nitrated  pan  of  the  field. 
It  requiraano  funher proof,  therefore,  lo  show  that  the  nUrat$  ofrntdamtdUttnUnam  mutt 
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exist  in  water,*-or,  in  other  wonb,  may  be  represented  by  carbon  and 
trater  in  Tarioas  pioportioos. 

5^.  That  the  food  on  which  they  live  enters  by  the  roots  and  leaves 
of  plants,— that  the  leaves,  under  the  influence  of  the  sun,  decompose 
the  carbonic  acid,  give  off  its  oxygen,  and  retain  its  carbon,— and  that 
this  carbon,  uniting  with  the  elements  of  water  in  the  sap,  forms  those 
several  compounds  of  which  plants  chiefly  consist. 

6°.  That  the  supply  of  carbonic  acid  in  the  atmosphere  is  kept  up 
partly  by  the  respiration  of  animals,  partly  by  the  natural  decay  of  dead 
vegetable  matter,  and  partly  by  combustion.  That  ammonia  is  sup- 
plied to  plants  chiefly  by  the  natural  decay  of  animal  and  vegetable 
substances— and  nitric  acid  partly  by  the  natural  oxidation  of  dead  or- 
sanic  matter,  and  partly  by  the  duect  union  of  oxygen  and  nitrogen, 
urough  the  agency  of  the  atmospheric  electricity. 

7^.  That  while  both  of  these  compounds  ^ield  nitrogen  to  plants,  they 
each  exhibit  a  special  action  on  vegetable  life,  in  virtue  of  the  hydrogen 
and  oxygen  ihey  respectively  contain— and  exercise  also  a  so-called 
stimulating  power,  by  which  plants  are  induced  or  enabled  to  appro- 
priate to  Uiemselves,  from  other  natural  sources,  a  larger  portion  of 
all  their  constituent  elements  than  they  could  otherwise  obtain  or 
assimilate. 

In  illustrating  these  several  points,  it  has  been  necessary  to  enter  oc- 
casionally into  details  which,  to  those  who  have  heard  or  may  read  only 
the  later  lectures,  may  not  be  altogether  intelligible.  I  am  not  aware, 
however,  of  having  introduced  any  thing  of  which  the  full  sense  will 
not  appear  on  a  reference  to  the  statement  by  which  it  is  preceded. 

We  are  now  to  consider  the  inorganic  constituents  of  plants,— their  na- 
ture,— the  source  (the  soil)  from  which  they  are  derivied, — their  uses  in 
the  vegetable  and  animal  economy,— >how  the  supply  of  these  substan- 
ces is  kept  up  in  nature,-~and  how,  in  practical  husbandry,  the  want  of 
them  may  be  at  once  efficaciously  and  economically  suppUed  by  art* 
This  division  of  our  subject,  though  requiring  a  previous  knowledge  of  the 
principles  discussed  in  the  foregoing  lectures,  will  be  more  essentially 
of  a  practical  nature,  and  will  lead  us  to  consider  and  illustrate  the 
great  leading  principle  by  which  the  practical  agriculturist  ought  to  be 
guided  in  the  cultivation  and  improvement  of  his  land. 

We  shall  here  also  find  much  light  thrown  upon  our  path  by  the 
results  of  geological  inquiry ;  and  it  is  in  the  considerations  I  am  now 
about  to  bring  before  you,  that  I  shall  have  to  direct  your  attention  most 
espedally  to  the  principal  applications  of  Geology  to  Agriculture. 
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'    tsry  bodies  fooad  la  plaois. 

Trs  coDflidoratton  of  the  inorganie  oonstituento  of  plants  is  do  less 
important  to  the  art  of  culture  than  the  study  of  their  organic  elements, 
which  has  engaged  our  sole  attentioa  in  the  preceding  part  of  these  lec- 
tures. 

It  has  already  been  shown  that  when  vegetable  substances  are  heated 
10  redness  in  the  air,  the  whole  of  the  so-called  organic  elements — car- 
boo,  hydrogen,  oxygen,  and  nitrogen — are  burned  away  and  disappear ; 
while  there  remains  behind  a  fixed  portion,  commonly  called  the  ash, 
which  does  not  bum,  and  which  in  most  cases  undergoes  no  diminution 
when  exposed  to  a  red  heat.  This  ash  constitutes  the  inorganic  portion 
of  plants. 

The  organic  or  combustible  part  of  plants  constitutes,  in  general, 
from  88  to  99  per  cent,  of  their  whole  weight,  even  after  they  are  dried. 
Hence  the  quantity  of  ash  left  by  vegetable  substances  in  the  green 
state  is  often  exceedingly  small.  It  therefore  long  appeared  to  many, 
that  the  inorganic  matter  could  be  of  no  essential  or  vital  consequence 
to  the  plant — that  being,  without  doubt,  derived  from  the  soil,  it  was 
onlv  accidentally  present,— and  that  it  might  or  might  not  be  contained 
in  the  juices  and  solid  parts  of  the  living  vegetable,  without  materially 
afiecting  either  its  growth  or  its  luxuriance. 

Were  tins  the  case,  however,  the  quantity  and  quality  of  the  ash  left  by 
the  same  plant  should  vary  with  the  soil  in  which  it  grew.  If  one  soil 
contained  much  lime,  another  much  magnesia,  and  a  third  much  potash, 
whatever  plant  was  grown  upon  these  several  soils  should  also  contain 
in  greatest  abundance  the  lime,  the  magnesia,  or  the  potash,  which 
abounded  in  each  locality— and  the  nature,  at  least,  of  the  ash,  if  not 
its  proportion,  should  Ue  nearly  the  same  in  every  kind  of  plant  which 
is  grown  upon  the  same  soil. 

Careful  and  repeated  experiments,  however,  have  shown— 

1».  That  00  whatever  soil  A  plant  is  grown,  if  it  shoots  up  in  a 
healthy  manner  and  fairly  npens  its  seed,  ihe  quantity  and  quality  of 
the  ash  is  nearly  the  same;  and  ,        ,.       - 

2®.  That  though  grown  on  the  same  soil,  the  quantity  and  quality  of 
the  ash  left  by  no  two  species  of  plants  is  the  same— and  that  the  ash 
difTers  the  more  widely  in  these  respects,  the  more  remote  the  natural 
affinities  of  the  several  plants  from  which  it  may  have  been  derived. 

Hence  there  is  do  longer  any  doubt  that  the  inorganic  constituents 
contained  in  the  ash  are  really  essential  parts  of  the  substance  of  plants, 
—that  they  cannot  live  a  healthy  life  or  perfect  all  their  parts  without 
them,— and  that  it  is  as  much  the  duty  of  the  husbandman  to  stjpply 
these  inorganic  substances  when  they  are  wanting  in  the  soil,  as  it  has 
always  been  considered  bis  peculiar  care  to  place  within  the  reach  of 
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the  growing  plant  those  decaying  vegetable  matters  which  are  most 
liiiely  to  supply  it  with  organic  food. 

For  the  full  establishment  of  this  fact,  we  are  indebted  to  Sprengel. 
Others,  as  De  Saussure,  have  published  many  important  and  very  use- 
ful analyses  of  the  iix>rganic  matters  left  by  plants,  but  for  the  illustra- 
tion of  the  important  practical  bearing  of  tnis  knowledge  of  their  inor* 
tanic  coastitoenis  on  the  ordinary  processes  of  agricultare,  we  arei  I 
believe,  in  a  great  measure  indebted  to  the  writings  and  numenMis  ana- 
lytical researches  of  Sprengel. 

It  is  difficult  to  conceive  the  extent  to  which  the  admission  of  the  es- 
sential nature  and  constant  quality  of  the  inorganic  matter  contained  in 
plants,  must  necessarily  modifY  our  notioos  and  legalate  our  practice  in 
every  branch  of  agriculture.  It  establishes  a  clear  relation  betweee  the 
kind  and  (quality  of  the  crop,  and  the  nature  and  chemical  compoeition 
of  the  soil  m  which  it  grows— it  demonstrates  what  soils  ought  to  caa- 
tain,  and,  therefore,  how  they  are  to  be  improved— it  explains  the  effect 
of  some  mannres  in  permanently  fertilizing,  and  of  some  crops  in  per- 
manently impoverishing  the  soil— it  illustrates  the  action  of  miiierai 
substances  upon  the  plant,  and  shows  how  it  may  be,  and  really  is,  in  a 
certain  measure, /m/  b^^  the  dead  earth :— over  nearly  all  the  operatiooa 
of  agriculture,  indeed,  it  throws  a  new  and  unexpected  light.  Of  this,  I 
am  confident,  you  will  be  fully  satisfied  when  I  shall  have  discussed  the 
various  topics  t  am  to  bring  before  yon  in  the  present  part  of  my  lectoiet* 

^l.OfUu  rdative  proportioiu  ofinorgamc  matter  in  different 
vegetabU  substances. 
As  above  stated,  the  inorganic  matter  contained  in  diOerent  vegetable 
productions  varies  from  I  to  12  per  cent,  of  their  whole  weight.  The 
following  table  exhibiu  the  weight  of  ash  left  by  100  lbs.  of  the  more 
commonly  cultivated  plants— according  to  the  analyses  of  Sprengel 
[Ckendet  vol.  ii.,  pasnm]  :— 


Oninof  Perct. 
Wheat      .     .  1-18  lbs. 
Bye     .    .    .  1-04 
Barley      .    .  2*35 
Bo.  dried  at  212, 2-52  J. 
Oats     .     .    .  2*58 
Field  BeaiM  .  2*14 
Peas     .  2-46 


Wheat  .  . 

Oats     .  .  . 

Barley .  .  . 

Bye     .  .  • 

Beans  .  .  . 

Peas    •  .  • 


Perct 
3-51  lbs. 
6-74 
5*24 
2-79 
312 
4-97 


Potato  .  .  . 
Turnip  .  .  . 
Do.  white  . 
Carrot  •  .  . 
Parsnip .  .  . 
Leaf  of  Potato 

—  Turnip    . 

do.  white 

— ^  Carrot     • 

Parsnip  . 

— ^  Cabbage 


Lucerne     .    . 
Bed  Clover     . 
White  Clover 
Bye  Grass .     . 


Uadiied.     Dried  In  tlr.* 
0-83  lbs.     2-65  lbs. 


0-63 
0-8   J. 
0-66 
0-82 

1-8 

218  J. 
1-98 
300 
0-53 


7-05 

609 
4*34 
4-79 
2-91 

10*42 

16-76 

7-55 


Inhaj. 
2-58  lbs.     9*66  lbs. 
1-67  7-48 

1-74  913 

1-09  6^3 


the  taraip  91,  tiie  eui ,  _, 

lesf,  etcb  81,  and  the  eelibif  e 


.9L^'i*^^"'*''*M  <»  ^^  eotamn  die  ootalo  loet  bj  diyli«in  the  airM  peret  of  imv. 

uigmzeu  oy  x.jvy^/'i  i\^ 


w  yvaam  wim  vse  mwLtm  op  mmiva.  It9 

Ib  te  fum  ef  tiiM  dried  fai  te  atr^Mrd  m  Ibaiid  «f  iMtgftnlc 

IIIAtt6F** 


Wood 

LOWM. 

Wood. 

Leirao. 

Iuth»E\m 

.    1-88 

11-8 

Id  the  Oak      .    .    0*21 

4-6 

Willow 

•    0-45 

8-23 

Birch   .     •    0-34 

5<0 

Poplar  • 

.     1-97 

9*23 

Pilch  piM     0-25 

3-16 

Beech   . 

.    036 

6-68 

3-1  jr. 

In  looking  at  tha  preeeding  tables,  you  cannot  fail  to  ba  itnMsk  with 
one  or  two  paMta»  winch  they  place  in  a  Tory  clear  li^t. 

1^.  That  the  quantity  or  ioori^anic  matter  contained  in  the  same 
weight  of  the  diflferenc  crops  we  rane,  or  of  the  difierent  kinds  of  vmta- 
Me  fiiod  we  eat,  or  with  which  oor  cattle  an  fed,  is  Tory  ualike.  Thus 
100  lbs.  of  barley,  or  oats,  or  peas,  contain  twice  as  much  inorgaDic 
(earthy  and  saKne  matter,  that  is,)  as  an  eqoal  weight  of  wheat  or  rye-^ 
and  the  same  is  the  case  with  loceme  and  while  clover  bays,  eompaied 
with  the  hay  of  rye  grass. 

29.  The  quanoty  contained  in  different  parts  of  the  same  plant  is 
eoually  unlike^  Thvs  100  lbs.  of  the  grain  of  wheat  leere  only  14  lbs. 
or  ash,  while  100  Ibs^  of  wheat  straw  leave  3|  lbs.  So  the  dry  balb  of 
the  turatp  gives  only  7  per  cent.,  while  the  dry  leaf  leaves  13  per  cent, 
of  ash  when  it  is  burned.  The  dry  leaves  of  the  parsnip  also  contain 
neaily  16  per  cent.,  though  in  its  root,  when  sliced  and  dried  in  the  air, 
there  are  only  4}  per  cent,  of  inorganic  matter. 

In  trees  the  same  fact  is  observed.  The  wood  of  the  elm  contains 
less  than  2  per  cent.,  while  its  leaves  contain  nearly  lit  per  cent. ;— the 
wood  of  the  oak  leaves  only  ^h  of  a  per  cent.,  while  from  its  leaves  4^ 
per  cent,  or  22  tiroes  as  much  are  obtained.  The  leaves  of  the  willow 
and  of  the  beeeh  idso  contain  about  twenty  ttmcR  as  much  as  the  wood 
of  these  trees  does,  when  it  has  been  dried  under  the  same  conditions. 

These  difference  cannot  be  the  result  of  accident.  They  are  con- 
SMffit  on  every  soil,  and  in  every  climate ;  they  must,  therefore,  have 
their  origin  in  some  natural  law.  Plants  of  dilleTem  species- must 
dmw  fiom  the  soil  tftat  proportion  of  inorganic  matter  which  is  adapted 
to  the  constitution,  and  is  fitted  to  supply  the  wanu  of  ea^h  ^-^while  of 
that  which  has  been  admitted  by  the  roots  into  the  general  ciroulation 
of  the  platM,  80  much  must  proceed  to  and  be  appropriated  by  each  part 
as  is  suited  to  the  functions  it  is  destined  to  diecharpe.  And  as  from 
the  same  soil  dtfferent  planu  select  difierent  quantities  of  saline  and 
earthy  matter,  so  from  the  same  common  sap  do  the  bark,  the  leaf,  the 
wood,  and  the  seed,  select  and  retain  that  proportion  which  the  healthy 
growth  and  developement  of  each  requires.  It  is  with  the  inorganic,  as 
with  the  organic  food  of  plants.  Some  draw  more  from  tlie  soil,  some 
less,  and  of  that  which  circulates  in  the  sap,  only  a  small  portion  is  ex- 
pended in  the  production  of  the  flower,  though  much  is  employed  in 
forming  the  stem  and  the  leaves.  On  the  subject  of  the  present  section, 
I  shall  add  two  other  observations. 

1®.  From  the  constant  presence  of  this  inorganic  matter  in  plants,  and 
fiom  its  being  always  found  in  nearly  the  same  proportion  in  the  same 
species  of  plants, — a  doubt  can  hardly  remain  that  it  is  an  essential  part 
of  their  suMance,  and  that  they  cannot  live  and  thrive  without  it.  But 
that  it  reidly  is  so^  is  placed  beyond  a  doubt,  by  the  further  experimen- 
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tal  faet,  tbat  if  a  bealthy  ymnti  plant  be  (^aoed  id  ciKUiiifCaiiaat  wliere 
it  cannot  obtain  this  inorganic  matter,  it  droops,  pines,  and  dies- 

2^.  But  if  it  be  really  essential  to  tbeir  growth,  this  inorganic  matter 
roust  be  considered  as  part  of  the  food  of  plants ;  and -we  may  as  cor- 
rectly speak  of  feeding  or  supplying  food  to  plants,  when  ^we  add  earthy 
uod  mineral  substances  to  the  soil,  as  when  we  mix  with  it  a  supply  o^ 
rich  compost,  or  of  well  fermented  farm*yard  manure. 

I  introduce  this  observation  for  the  purpose  of  oorrectiBg  an  eoonteaa 
impression  entertained  by  many  practical  men  in  regaed  to  the  way  in 
which  mineral  substances  act  when  applied  to  the  soil.  B]f  the  term 
manure  they  generally  designate  such  substances  as  they  believe  to  be 
capable  of  feeding  the  plant,  and  henee  reject  mineral  substances,  such 
as  gypsum,  nitrate  of  soda,  and  generally  lime,  from  the  list  of  manons 
properly  so  called.  And  as  the  influence  of  these  substaaees  on  vegeta- 
tion is  undisputed,  they  are  not  uofirequently  considered  asftiimdanlsonly. 

Yet  if,  as  I  believe,  the  use  of  a  wronc  Urm  is  often  connected 
with  the  prevalence  of  a  wrong  optntoa,  and  may  lead  to  grave  errors 
in  practice,— I  may  be  permitted  to  press  upon  your  conndeiatioa 
the  fact  above  stated^-I  may  almost  say  demonstrated— that  i^ois 
do  feed  upon  dead  unorganised  mineral  matter,  and  that  you  aze,  there- 
fore, really  manuring  your  soil,  and  perman^atly  improving  it,  whan 
you  add  to  it  such  substances  of  a  proper  kind. 

^2,  Of  the  kind  of  inorganic  matter  found  in  plants. 

I  have  said  above,  of  a  proper  Aniui— for  it  is  not  a  matter  of  indiflfer- 
ence  to  a  plant,  what  kind  of  earthy  or  saline  matter  it  takes  in  by  its 
roots.  Each  species  of  plant,  we  have  seen,  withdraws  from  the  soil  a 
quantity  of  inorganic  matter,  which  is  peculiar  to  itself,  and  which,  as  a 
whole,  is  nearly  constant. 

So  also  each  species,  in  selecting  for  itself  a  nearly  constant  weight 
of  inorganic  matter,  while  it  chooses  generally  the  same  kind  of  saUaa 
and  earthy  ingredients  as  other  planu  do,  to  make  up  this  weight,  yet 
picks  them  out  in  proportions  peculiar  to  itself  Thus  for  example,  lima 
IS  present  in  the  ash  of  nearly  all  plants,  but  while  100  lbs.  of  the  oak 
of  wheat  contain  8  pounds  of  lime,  the  same  weight  of  the  ash  of  bariey 
contains  only  4^  lbs.  So  also  potash  is  contained  in  the  ash  of  most 
plants  grown  for  food,  but  in  the  ash  of  rhe  turnip,  thero  are  37^  per 
cent,  of  potash,  while  in  that  of  wheat  there  are  only  19  per  cent.  Agai% 
in  different  parts  of  the  same  plant,  a  like  diflference  prevails.  Tlie  ash 
of  the  turnip  bulb  contains  16i  per  cent,  of  soda,-— that  of  the  leaC  little 
more  than  12  per  cent.  On  the  other  hand,  the  lime  in  that  from  the 
bulb  constitutes  less  than  12  \teT  cent,  of  its  weight,  while  in  that  of  the 
leaf  it  amounts  to  upwards  of  34  per  ceut. 

These  relative  proportions  among  the  diflTerent  kinds  of  inorganic  mat- 
ter contained  in  the  ash  of  plants-^like  the  whole  weight  itself  of  the 
ash — ^is  nearly  constant  in  the  same  species,  and  in  the  same  part  of  a 
plant,  when  it  is  grown  in  a  propitious  soil.  It  is  not*  therefore,  as  I  have 
already  said,  a  matter  of  indifierence  to  the  living  ve^setable,  whether 
it  meets  with  this  or  with  that  kind  of  inorganic  matter  in  the  land  on 
which  it  grows — ^whether  its  roots  are  supplied  with  lime,  or  with  potadbw 
or  with  soda.     The  soil  muH  contain  all  these  substances,  and  m  sack 
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fmmHtvaaeatUytoyiMloihter^iomuth  rf  4adi  as  ihe  kind  of  plant 
tpeciaUy  requires*  And  if  ooe  of  these  necessary  inorganic  forms  of 
matter  be  rare  or  wholly  absent,  the  crop  will  as  certainly  pixive  sickly 
or  entirely  fail,  as  if  the  organic  food  supplied  by  the  vegetable  matter 
of  the  soil  were  wholly  withdrawn.  It  is,  therefore,  as  much  the  end  of 
an  enlightened  agricultnral  practice  to  provide  for  the  various  require- 
roents  of  each  crop  in  regard  to  inorganic  food,  as  it  is  to  endeavoor  to 
enrich  the  land  with  purely  vegetable  substances. 

Since,  also,  as  above  shown,  not  only  the  relative  quantity  of  inor- 
ganic matter,  but  its  kind  or  quality,  likewise,  is  different  in  difierent 
plants, — it  may  be,  that  a  soil  on  which  one  crop  cannot  attain  to  ma- 
turity may  yet  surely  and  completely  ripen  another— a  fact  which  is 
proved  by  every-day  experience.  The  soil,  which  is  unable  to  supply 
with  sufficient  speed  all  the  lime  or  the  potash  required  for  one  crop, 
may  yet  easily  meet  the  demands  of  another,  and  aflbrd  an  ample  re- 
turn to  the  husbandman  when  the  time  of  harvest  comes.* 

On  the  other  band,  this  consoling,  at  once,  and  stimulating  reflection 
must  arise  in  the  mind  of  the  practical  agriculturist  from  the  considera- 
tion of  the  above  facts — that  if  the  soil  contain  all  the  inorganic  substan- 
ces required  by  plants,  and  in  sufficient  quantity,  it  will  grow,  if  rightly 
tilled,  any  crop  which  is  suited  to  the  climate,— or  conversely  to  make 
it  capable  of  growing  any  crop,  he  has  only— along  with  his  usual  sup- 
plies of  animal  or  vegetable  matter— to  add  in  proper  quantity  these  in- 
orsanic  substances  also. 

Here  a  crowd  of  questions  cannot  fail  to  start  up  in  your  minds.  You 
will  ask,  for  example, 

1°.  What  are  the  several  inorganic  substances  usually  present  in 
cultivated  plants,  and  what  their  respective  proportions  ? 

2^.  Which  of  them  are  most  generally  present  in  the  soil  ? 

3°.  In  what  form  can  those  which  are  less  abundant  be  added  most 
easily,  most  advantageously,  and  most  economically  ? 

We  shall  consider  in  succession  these,  and  along  with  them  other 

*  On  the  tune  princfpto,  alio,  some  of  the  inuresUng  fiiett  oonneelsd  with  the  gnttog  of 
tn99  are  Mxaeepdble  of  a  mHaUeiory  ezphnaUoo. 

The  root  of  a  tree  selects  rrom  the  soil  the  kind  and  quaUty  of  Inorsanlc  matter  which 
are  reqatred  for  the  healihj  matoritv  of  Its  own  parts.  Any  other  tree  may  be  nailed  oo  ft, 
which  in  Its  natural  state  requires  the  aame  kind  of  Inoraanic  matters  in  neafiy  the  same 
proponton.  This  is  the  case  generally  with  Tarieiies  of  the  same  species— more  rarefy 
with  trees  or  plants  of  different  species— «od  least  IVeqnentty  with  siicli  as  belong  to  differ- 
ent genera.  The  lemon  may  be  graded  on  the  orange,  becaose  the  sap  of  Uie  lauer  con- 
tains all  the  aaithy  and  saline  substances  which  the  former  requires,  and  can  supply  them 
In  suAcient  quantity  to  the  engrafted  twig.  But  the  fig  or  the  grape  would  not  Aourtah  or 
itpeo  fniit  on  the  same  aioclc-~4>ee«iae  these  fruits  require  other  substances  than  the  loot  of 
the  oraqga  cans  to  extract  firoiu  the  aoil,  or  In  greater  quantity  than  the  sap  of  the  orange 
can  sopplyttiem. 

It  is  noc  Jbr  want  of  orgsoie  food,  for  of  this  the  aan  of  aesrly  all  plaati  is  Aill--«od  we 
jMire  seen  in  oar  previous  lectures,  how  the  sngar  of  the  fig,  the  taitaric  acid  of  the  grape, 
and  the  citric  acid  of  the  lemon,  may  all  be  produced  by  natural  processes  from  the  same 
common  organic  food.  When  we  plant  a  tree  or  sow  a  crop  on  a  ami  which  does  not  eoa- 
laio  all  that  the  tree  or  crop  requires,  the  tree  muat  slowlr  perish,— the  crop  cannot  yield  a 
profitable  retam.  80  it  la  In  grafting.  The  wp  of  the  •tuck  mutt  contain  oB  that  the  engrqfted 
Oud  or  ateof  require*  in  every  etage  qfitt  groitm.  Or  to  recnr  to  our  fiarmer  illostfntioii^ 
If  the  polaah  or  Ume  reqnlred  by  the  gnpe  be  not  taken  up  and  in  sufllclent  quanti^  hj 
the  root  of  the  orange,  it  will  be  in  vain  to  araft  the  former  upon  the  latter  with  the  hope  of 
ks  coming  to  maturity  or  yielding  perfect  milt 

This  prmciple  may  also  serve  to  exphdn  many  other  cnrfoui  and  hitherto  obaeiire  eli^ 
camsianeei  eonnecled  with  the  pnclies  of  the  gardener. 

^^  ugitized  by  Google 
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subsidiary  questions,  which  will  hereafter 
notice. 


presaot  Uieniselves  to  ow 


§  3.  Oftiu  several  elementary  bodies  usually  met  with  in  the  ash  ofpUmU 
What  is  understood  by  the  term  element  or  elementary  body  among 
chemists  has  already  been  explained  (Lect.  I.,  p*  22),  as  well  as  the 
number  and  names  of  those  elements  with  which  we  are  at  present  ac- 
quainted. 

Ofthese  elementary  bodies  we  have  seen  that  the  organic  part  of  plants 
contains  rarely  more  than  four,  namely,  carbon,  hydrogen,  oxygen,  and 
nitrogen,  in  various  proportions.  In  tne  inorganic  part  there  occur  nine 
or  ten  others,  generally  in  combination,  either  with  oxygen  or  with  one 
another. 

The  names  of  tliese  inorganic  elements  are  as  follow : 
Name.  lo  oombinatloo  with 

Chlorine  .        Metals 


Iodine   . 
Sulphur 


Phosphorus 
Potassium  . 

Sodium  .     • 


Calcium 

Magnesium 
Aluminium 
Silicon 
Iron  and 
Manganese 


do. 

do. 
Hydrogen 
Oxygen 

do. 

do. 
Chlorine 
Oxygen 
Chlorine 

do. 
Oxvgen 

do. 

do. 

do. 

do. 
Sulphur 


Forminf 
Chlorides. 
Iodides, 
sulphurets. 

Sulphuretted  Htdroobn.^ 
Sulphuric  Acid. 
Phosphoric  Acid. 
Potash. 

Chloride  of  Potassium. 
Soda. 
Chloride  of  Sodium  or  ? 

Common  Salt.  J 

Chloride  of  Calcium. 
Lime. 
Magnesia. 
Alumina. 

SlUCA. 

Oxides, 
sulpuurets. 


Other  elementary  bodies,  chiefly  metallic,  occur  in  some  plants— ^occa- 
sionally, and  in  very  small  quantity,— but,  so  far  as  is  yet  known,  they  do 
Dot  appear  to  be  either  necessary  to  their  growili,  or  to  exercise  any  ma- 
terial influence  on  the  general  vegetation  of  the  globe. 

Of  all  the  above  elementary  bodies  it  may  be  said,  generally, 

I*'.  That  with  the  exception  of  6u)phur,f  they  are  not  known  to  exist 
or  to  be  evolved,  in  any  quantity,  anywhere  on  the  surface  of  the  globe, 
in  their  simple,  elementary,  or  uncombined  state;  and  that,  therefore, 
in  this  state  they  in  no  way  aflect  the  progress  of  vegetable  growth,  or 
require  to  occupy  the  attention  of  the  practical  agriculturist. 

2°.  They  all,  however,  exist  in  nature  more  or  less  abundantly  in  a 
state  of  combination  with  other  substances,  and  chiefly  with  oxygen,  [for 
an  explanation  of  the  meaning  and  of  the  laws  of  chemical  coinbinatioo, 
see  Lecture  II.,  p.  321— but  in  no  state  of  combination  are  they  knoWn 
to  be  generally  difiuaed  through  the  atmo^here  of  the  globe,  so  as  to  be 
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capable  ofeateriag  plants  by  their  leaves  or  other  superior  parts.  They 
must  all,  therefore,  enter  by  the  roots  of  plants,— must  consequently  ex- 
ist in  the  land,— and  must  all  be  necessary  constituents  of  tnat  soil  in 
which  the  plants  that  contain  them  grow. 

It  will  not  be  necessary,  therefore,  to  consider  so  much  the  relative 
pmportions  in  which  these  elementary  bodies  themselves  exist  in  plants, 
as  that  of  the  several  chemical  compounds  which  they  form  wiin  oxy- 
gen, or  with  one  another— in  which  states  of  combination  they  exist  in 
the  soil,  and  are  K>und  in  the  circulation  and  substance  of  the  plant.  As 
a  preliminary  to  this  inquiry,  however,  it  will  be  proper  to  lay  before 
you  a  brief  outline  of  the  nature  and  properties  of  these  compound 
bodies  themselves— and  of  the  direct  influence  they  have  been  found  to 
exercise  upon  vegetable  life. 

§  4 .  Of  those  compounds  of  the  inorganic  elements  tohich  enter  directly  into 
the  circulation^  or  exist  in  the  substance  and  ask  of  plants. 

I CHLORINE  AND  MURIATIC  ACID. 

C%Zonn€.— If  a  mixture  of  common  salt  and  black  oxide  of  manga- 
nese [sold  by  this  name  in  the  shopsj  be  put  into  a  flask  or  bottle  of 
colourless  glass,  and  sulphuric  acid  (oil  of  vitriol)  be  poured  upon  it,  a 
gas  of  a  greenish-yellow  colour  will  be  given  off,  anri  will  gradually  fill 
the  bottle.     This  gas  is  distinguished  by  the  name  oC  chlorine. 

It  is  readily  distinguished  from  all  other  substances  by  iu  greenish- 
yellow  colour,  and  its  pungent  disagreeable  smell.  It  extinguishes  a 
ughted  taper, but  phosphorus,  gold  leaf,  metallic  potassium  and  sodium, 
and  many  other  metals,  take  fire  in  it  aixl  burn  of  tbeir  own  accord.  It 
is  nearly  4)  times  heavier  than  common  air.  and  therefore  may  be 
readily  poured  from  one  vessel  to  another.  Water  absorbs  twice  its 
own  bulk  of  the  gas,  acquiring  its  colour,  smell,  and  disagreeable  astrin- 
gent taste. 

Animals  cannot  breathe  it  without  suffbcation-^and,  when  unmixed 
with  air,  it  speedily  kills  all  living  vegetables.  The  solution  of  chlorine 
in  water  was  (bund  by  Davy  to  promote  the  germination  of  seeds. 

It  does  not  exist,  and  is  rarely  evolved,  [see  Lecture  V.,  p.  94,]  in 
nature  in  a  free  or  uncorabined  state,  aud  therefore  is  not  known  to  ex- 
ercise any  direct  action  upon  the  general  vegetation  of  the  globe.  It 
exists  largely,  however,  in  common  salt  (cbk>ride  of  sodium),  every  100 
lbs.  of  this  substance  containing  upwards  of  60  lbs.  of  chlorine.  Indi- 
rectly, therefore,  it  may  be  suppoted  to  influence,  in  some  degree,  the 
growth  of  plants,  where  common  salt  exists  naturally  in  the  soil,  or  is 
artificially  applied  in  any  form  to  the  land. 

Muriatic  acid,  the  spirit  of  salt  of  the  shops,  consists  of  chlorine  in 
combination  with  hydrogen.  It  is  a  gas  at  the  ordinary  temperature  of 
the  atmosphere,  but  water  absorbs  between  400  and  500  times  its  bulk 
of  it,  and  the  acid  of  the  shops  is  such  a  solution  in  water,  of  greater  or 
less  strength. 

Muriatic  acid  has  an  exceedingly  sour  taste,  corrodes  the  skin,  and  in 
Its  undiluted  state  is  poisonous  both  to  animals  and  plants.  li  dissolves 
common  pearl  ash,  soda,  maenesia,  and  limestone,  with  efiervescence ; 
and  readily  dissolves  also,  acid  combines  with,  many  earthy  substances 
which  are  contained  ia  the  loU. 
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When  applied  to  liviog  vegetables  in  the  state  of  ao  esccediagly  di- 
lute solution  in  water,  it  has  been  supposed  upon  some  soils,  and  ia 
some  circumstances,  to  be  favourable  to  vegetation.  Long  experience, 
however,  on  the  banks  of  the  Tyne,  and  elsewhere,  in  the  neighbour- 
hood of  the  so-called  alkali*  works,  has  proved  that  in  the  state  of  va- 
pour its  repeated  application,  even  when  diluted  with  much  air,  is  in 
many  cases  fatal  to  vegetable  life. 

Poured  in  a  liquid  state  upon  fallow  land,  or  land  preparing  for  a 
crop,  it  may  assist  the  growth  of  the  future  grain,  by  previously  forming, 
with  the  ingredients  of  the  soil,  some  of  those  compounds  which  have 
been  occasionally  applied  as  manures,  and  which  we  shall  consider 
hereafter. 

Chlorine  is  represented  by  CI,  and  muriatic  acid  by  HCl. 

II. — IODINE. 

Iodine  is  a  solid  substance  of  a  lead  grey  colour,  which,  when  heated, 
IS  converted  into  a  beautiful  violet  vapour.  It  exists  in  combination 
chiefly  with  sodium,  as  Iodide  of  Sodium,  in  sea  water  and  in  marine 
plants ;  but  it  has  not  hitherto  been  detected  in  any  of  the  crops  usually 
raised  for  food. 

Like  chlorine,  it  is  poisonous  both  to  animals  and  plants ;  and  was 
found  by  Davy  to  assist  and  hasten  germination.  It  may  possibly  exert 
dome  hitherto  unobserved  ihfluence  upon  vegetation,  when  it  is  applied 
to  the  soil  in  districts  where  sea-ware  is  largely  collected  and  employed 
as  a  manure. 

Iodine  is  slightly  soluble  in  water,  and  this  solution  has  been  men- 
tioned in  a  previous  lecture  (VI.,  p.  107),  as  affording  a  ready  means 
of  detecting  starch  by  the  beautiful  blue  colour  it  gives  with  this  sub- 
stance. 

III.— SULPHUR,  SULPHUROUS  AND  SULPHURIC  ACIDS,  AND  SUL- 
PHURETTED HYDROGEN. 

1^.  5tf2p^ur  is  a  substance  too  well  known  to  require  any  detailed 
description.  In  an  uncombined  state  it  occurs  chiefly  in  volcanic  coun- 
tries, but  it  may  sometimes  be  observed  in  the  form  of  a  thin  pellicle  on 
the  surface  of  stagnant  water*— or  of  mineral  springs,  which  are  natu- 
rally charged  with  sulphurous  vap^mrs.  In  this  stare  it  is  not  known 
materially  to  influence  the  natural  vegetation  in  any  part  of  the  globe. 
It  has,  however,  been  employed  with  some  advantage  iu  Germany  as  a 
top-dressing  for  clover  and  other  crops  to  which  gypsum  in  that  country 
is  generally  applied.  The  mode  in  which  it  may  be  supposed  to  act 
will  be  considered  hereafter.* 

2**.  Stdphurous  add. — When  sulphur  is  burned  in  the  air  it  gives  off" 
a  gaseous  substance  in  the  formof  white  fumes  of  a  well  known  intensely 
auffbcating  odour.    These  fumes  consist  of  a  combination  of  the  sulphur 

*  In  these  works  cartmnsle  of  sods  (the  common  sods  of  the  shops)  snd  sulphate  of  soda 
(glsQber  salt)  are  manu  facta  red  from  cnmmon  salt,  and  in  one  of  the  processes  immense 
quantities  of  muriatic  acid  are  given  olFftom  the  furnace,  and  used  to  escape  into  the  air  by 
the  chimney. 

1  The  refine  heaps  of  (he  alkaU  works  on  the  Tyoe  contain  much  sulphur  and  more  gyp- 
sum— but  the  farmers,  perhaps,  naiurally  enough,  consider  that  if  the  works  themselves  do 
harm  to  their  eron*  the  reftise  of  the  works  eatmot  do  them  much  good.  There  are  thou- 
I  of  tons  of  tha  mixture  which  msy  be  had  for  the  lesding  away. 
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tvbich  disappears  with  the  oxygen  of  the  atmMnhere,  and  are  kneiWn 
to  chemists  by  the  name  of  salpburous  acid.  This  compound  is  des- 
tractive  to  animal  and  vegetable  life,  but  as  it  is  not  known  to  be  directly 
formed  to  any  extent  in  natnre,  except  in  the  neighbourhood  of  active 
volcanoes,  it  probably  exercises  no  extensive  influence  on  the  general 
ve^tation  of  the  globe. 

This  gas  possesses  the  carious  propertyof  bleaching  many  animal  and 
vegetable  substances.  Wool  and  straw  for  plaiting  are  bleached  to  an 
almost  perfect  whiteness— when  they  are  suspended  in  a  vessel  or  room 
into  which  a  plate  of  burning  sulphtir  has  been  introduced.  Gardeners 
sometimes  amuse  themselves  also  in  bleaching  roses  and  other  red 
flowers,  by  holding  them  over  a  burning  sulphur  match.  Some  shades  of 
red  resist  this  action  more  or  less  perfectly,  and  the  colour  of  the  bleached 
flowers  may  often  be  restored— by  dipping  them  in  a  dilate  solution  of 
carbonate  of  soda,  or  by  holding  them  over  a  bottle  of  hartshorn  (liquid 
ammonia). 

3.  Stdphuric  ocuf.— This  is  the  name  by  which  chemists  disringuish 
the  oU  of  vitriol  of  the  shops.  It  is  also  a  compound  of  sulphur  and  oxy- 
gen only,  and  is  formed  by  causing  the  fumes  of  sulphur  to  pass  into 
large  leaden  chambers  along  with  certain  other  substances,  from  whidi 
they  can  obtain  a  further  supply  of  oxygen. 

It  is  met  with  in  the  shops  in  the  form  of  an  exceedingly  sour  corrosive 
liquid,  which  decomposes,  chars,  and  destroys  all  animal  and  vegetable 
substances,  and,  except  when  very  diluted,  is  destructive  to  life  in  every 
form.  It  is  rarely  met  with  in  nature,  in  an  uncorobined  state,— though 
according  to  Boussingault,  some  of  the  streams  which  issue  from  the 
volcanic  regions  of  the  Andes  are  rendered  sour  by  the  presence  of  a 
quantity  of  this  acid. 

It  combines  with  potash,  soda,  lime,  magnesia,  &c.,  and  forms  suL' 
jpihaUs  which  exist  abundantly  in  nature,  and  have  often  been  benefi- 
cially and  profitably  employed  as  manures. 

where  the  soil  contains  lime  or  magnesia,  the  acid  may  often  be  ap- 
plied directly  to  the  land,  in  a  very  dilute  state,  with  advantage  to  clover 
and  other  similar  crops.  It  has  in  France,  near  Lyons,  been  observed 
to  act  favourably  when  used  in  this  way,  while  in  Germany  it  has  been 
found  better  to  apply  it  to  the  ploughed  land,  previous  to  sowing.  A  few 
experiments  have  also  been  made  in  this  country  with  partial  success. 
It  is  deserving,  however,  of  a  further  trial,  and  in  more  varied  circum- 
stances. 

4^.  Stdpkuretted  Hydrogen. — This  gaseous  compound  of  sulphur 
with  hydrogen,  is  almost  universally  known  by  its  unpleasant  smell. 
It  imparts  their  peculiar  taste  and  odour  to  sulphurous  springs,  such  as 
ihsx  of  Harrogate,  and  gives  their  disagreeable  smell  to  rotten  eggs.  It 
is  oflen  produced  in  marshy  and  stagnant  places,*  and  fish  ponds,  where 

*  This  wpotmn  to  be  especteUf  the  CMe  on  Che  oowtt  of  Weetem  Aftiea,  where  (be 
bot  Mm  la  eonUnuaUf  beetlnc  on  see  waler,  often  thallow,  frequenO/  atamiBnt,  and  aims 
laden  with  orsenic  natferTeitber  animal  or  vegetable  (Daniell).  Near  the  month  of  the 
Tees  tai  tbfa  county,  where  a  aballow,  dark  Une,  muddj,  aamphire-beailnf  tract  atretehee 
for  oerenl  mllea  inland  from  Seaton  Snook,  the  presence  of  solphnretted  hjdrocen  mn  be 
perceived  by  the  smell,  when  on  a  hot  •ummer'a  day  a  f  ende  air  aklms  alonf  the  edge  of 
Oie  Slake.  The  javonrable  conditions  are,  a  burning  snn,  a  very  gentle  air,  and  nch  a  cob- 
dWoo  of  the  sefrMhat  Uiose  peels  and  pools  which  are  oaly  reselMd  by  the  spring  tklee 
shsD  have  been  sevend  days  uncovered. 
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▼^gvtable  matter  is  underffoing  decnv  in  tbe  prMenoe  of  water  oootain- 
ing  gypeuin,  or  other  sul^^ioU*  ;  and  it  may  occasioaaUy  be  detected  by 
the  seoae  of  smell  among  tbe  roots  of  the  sod*  io  old  pasture  land*  to^ 
which  a  top-dressing  is  occasionally  given. 

As  in  tlie  e^g,  so  also  in  other  decaying  animal  substances,  especially 
when  the  air  is  in  some  measure  excluded,  this  gas  is  formed.  In  pa- 
trified  cow's  urine,  and  in  night  soil,  it  is  present  in  considerable  quan- 
tity. 

Sulphuretted  hydrogen  is  exceedinglv  noxious  to  animal  and  vegeta- 
ble life,  when  diflfused  in  any  consideraole  quantity  through  the  air  by 
which  they  are  surrounded.  The  luxuriance  of  the  vegetation  in  tlm 
oeighbournood  of  sulphurous  springs,  however,  has  given  reason  to  be- 
lieve that  water  impregnated  with  thb  fas,  may  act  in  a  beneficial 
manner  when  it  is  placed  within  reach  of  the  roou  of  plants.  It  seems 
also  to  be  ascertained  that  natural  or  artificial  waters  which  have  a  sul- 
phurous taste,  give  birth  to  a  peculiarly  luxuriant  vegetation,  when  they 
are  employed  in  the  irrigation  of  meadows*-— [Sprengel,  Chctnie,  I., 
p.  355.] 

The  relative  constitution  of  these  three  compounds  of  sulphur  is  thus 
represented :— - 

One  eqaiTtlent  of  Welghlnc 

Sulphur 16 

Sulphurous  Acid  .  .  32 
Sulphuric  Acid  ...  40 
Sulphuretted  Hydrogen    17 

IV.— VBOSPHORirS  A!fD  PHOSPBOEIC  ACID. 

1°.  Phosphcrus  is  a  solid  substance  of  a  pale  yellow  colour,  and  of  a 
consistence  resembling  that  of  wax.  When  exposed  to  the  air  it  slowly 
combines  wih  the  oxygen  of  the  atmosphere,  and  burns  away  with  a 
pale  blue  flame  visible  only  in  the  dark.  When  rubbed,  however,  or 
exposed  to  a  slisht  elevation  of  temperature,  even  to  the  heal  of  tlie 
hand,  it  readily  bursts  into  a  brilliant  flame,  emitting  an  intense  light 
accompanied  by  dense  white  vapours.  It  does  not  occur  in  nature  in 
an  uncombined  state,  and  is  not  known  to  be  susceptible  of  any  useful 
application  in  practical  agriculture. 

2°.  Phosphoric  Acid- — The  white  fumes  given  off*  by  phosphorus,  or 
rather  into  which  it  is  changed,  when  burned  in  the  air  or  in  oxygen 
gas,  consist  of  phosphoric  acid.  This  compound  is  solid  and  colourless, 
attracts  moisture  from  the  air  with  great  rapidity,  is  exceedingly  soluble 
in  water,  has  an  intensely  sour  taste,  and  like  sulphuric  acid  is  capable 
of  corroding  and  destroying  animal  and  vegetable  substances. 

It  does  not  exist  in  nature  in  a  free  state,  and,  therefore,  is  not  directly 
influential  upon  vegetation.  It  unites,  however,  with  potash,  soda,  lime, 
&c.,  to  form  compounds,  known  by  the  name  d  pkosphalu-  In  these 
states  of  combination,  it  is  almost  universally  diffused  throughout  nature 
—and  appears  to  be  essentially  necessary  to  the  healthy  growth  and 
maturity  of  all  living — certainly  of  all  cultivated  vegetables. 

*  For  the  prapeitiM  of  oajfeii  and  hwdn^m  tM  tbove,  p^MM  and  36,  sod  for  Uwlr 
•qoMMUernioBlcwtigbtitMptftaC  --^  ■-•     p.^^T^  , 
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1^.  OarhonaU  of  Potat^.— In  coantries  where  DOQ-resinous  trees 
abound,  it  is  asual  to  bum  the  wood  which  cannot  otherwise  be  employ- 
ed—as  in  the  clearings  in  Canada  and  the  United  States — ^fbr  the  pur- 
pose of  ooUecting  the  ash  which  remains.  This  ash  is  washed  with 
water  and  the  washings  boiled  to  dryness  in  iron  pots.  In  this  state  it 
forms  the  j9o<^ash  of  commerce.  When  this  potash  b  again  dissolved 
in  water,  and  tlie  clear  liquid  decanted  and  boiled,  the  pearl-BBh  of  the 
shops  is  obtained. 

This  pearl-ash  is  an  impnre  form  of  Ae  carbonate  of  potash  of  chem- 
ists. It  readily  dissolves  in  water,  has  a  peculiar  taste*--distinguished 
as  an  alkaline  taste— and  dissolves  in  vinegar  or  in  diluted  sulphuric  or 
muriatic  acid,  with  much  effervescettee-  The  gas  given  off  during  this 
effervescence  (or  boiling  up)  is  carbonic  acid,  me  same  which,  as  was 
shown  in  a  previous  lecture,  ia  obtained  when  a  diluted  acid  is  poured 
upon  chalk  or  common  limestone. 

This  carbonate  of  potash  has  been  long  known  to  exercise  a  powerfol 
inflnence  over  the  growth  of  plants. 

The  use  of  wood-ash  as  a  fertilizer  both  of  pasture  and  of  arable  land, 
goes  back  to  the  most  remote  antiquity ;  and  though  the  erode  wood-ash 
contaios  other  substances  also,  yet  much  of  its  immediate  and  most  ap- 
parent effect  is  due  to  the  carbonate  of  potash  it  contains. 

From  what  has  already  been  stated,  at  the  commencement  of  the 
present  lecture,  in  regard  to  the  presence  of  potash  in  the  parts  and 
juices  of  nearly  all  plants,  yon  will  already  in  some  measure  under- 
stand why  the  carbonate  of  potash  should  be  useful  to  vegetation,  and— 
since  this  alkali  (potash)  is  present  in  greater  quantity  in  some  than  in 
others—why  it  should  appear  to  be  more  especially  favourable  to  the 
growth  of  one  kind  of  plant  than  of  another. 

In  this  way,  it  is  explained  why  moss  and  coarse  grasses  are  extirpa- 
ted from  meadows  by  a  sprinkling  of  wood  ashe»— and  why  red  clover, 
lucerne,  esparsette,  beans,  peas,  flax,  and  potatoes.  Ice.,  are  greatly 
promoted  in  their  growth  by  a  similar  treatment.  This  substance,  how- 
ever, has  other  functions  to  perform  in  reference  to  ve^tation,  besides 
that  of  simply  supplying  the  crop  with  the  potash  it  requires ;  these  funo- 
tkms  I  shall  explain  more  particularly  hereafter,  when  you  will  perhaps 
be  better  prepared  for  understanding  the  details  into  which  it  will  be  ne- 
eessary  to  enter. 

2^.  Poto«^.^Whett  12  parts  of  carbonate  of  potash  are  dissolved  in 
water,  and  boiled  with  half  their  weight  of  newly-slaked  quick-lime, 
they  are  gradually  deprived  of  their  carbonic  acid,  and  converted  into 
pure  pots»fa,— or  as  it  is  often  called,  from  its  effect  on  animal  and  ve- 
getable substances,  causUe  potash. 

The  caustic  Kquid  thus  obtained  decomposes  or  dissplves  most  animal 
and  vegetable  substances,  whether  living  or  dead.  When  applied  to 
the  skin,  unless  it  be  in  a  very  diluted  state,  it  destroys  it,  and  produces 
a  painful  sore.  Potash  does  not  occur  in  nature  in  this  caustic  or  nn- 
combined  state,  and  is*  tM  known,  therefore,  to  exercise  any  direct  in- 
fluence upon  natoral  vegetation. 

When  wood-ashes  and  quick-lime  are  miked  K^gether  in  artifkiitl 
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.  €ompottov  it  18  not  unlikely  that  a  ponioa  of  the  cafhonate  of  potash  may 
be  reodered  cau9tic«  and,  therefore,  be  more  fit  to  act  upon  the  vegetable 
matter  in  contact  with  it— by  rendering  it  soluble  in  water  and  thus  ca- 
pable of  entering  into  the  roots  of  planu.  To  this  point  I  shall  have 
occasion  to  return  hereafter.  In  the  mean  time,  it  is  proper  to  remark, 
that  if  pearl-ash  be  mixed,  as  above  prescribed,  with  half  its  weight  of 
quick-iune,  and  then  boiled  with  Uts  than  ten  or  tuxlve  times  its  tveight 
ofiDoter,  a  part  of  the  jpotash  only  is  rendered  caiw^io— the  lime  being 
unable  to  deprive  the  pearl-ash  (carbonate  of  potash)  of  its  carbonic 
acid,  unless  it  be  largely  diluted.  Hence,  in  dry  composts,  or  mixtures 
of  this  substance  with  quick-lime,  it  is  unlikely  tnal  any  large  portion  of 
the  potash  can  be  at  once  brought  to  the  caustic  state.  This  fact  is 
really  of  importance  in  reference  to  the  theory  of  the  conjoined  action  of 
quick-lime  and  wood  or  pearl-ash,  when  mixed  together  in  artificial  ma- 
nures, and  applied  to  the  land. 

3^.  PotoMttim.— When  dry  caustic  potash,  obtained  by  evaporating 
the  caustic  solution  above  described,  is  mixed  with  powdered  charcoal 
and  iron  filings,  and  exposed  to  an  Intense  heat  in  an  iron  retort,  it  is  de- 
composed, and  metallic  potcusium  distils  over,  and  is  collected  in  the 
form  of  white  shining  silvery  drops. 

It  was  one  of  the  most  remarkable  discoveries  of  Sir  H.  Davy,  that 
potash  was  a  compound  substance,  and  consisted  of  this  metal  potassium 
united  to  oxygen  gas. 

Potassium  is  remarkable  for  the  strong  tendency  it  possesses  to  unite 
a^ain  with  oxygen  and  re-form  potash.  When  simply  exposed  to  the 
air,  it  gradually  absorbs  oxycen  from  the  atmosphere ;  but  if  it  be  heat- 
ed in  the  air,  it  takes  fire  and  burns.  When  the  combustion  has  ceased, 
a  quantity  ot  caustic  potash  remains,  the  weight  of  which  is  nearly  one- 
fifth  greater  than  that  of  the  potassium  employed.  It  even  bursts  into  a 
flame  when  thrown  upon  water,  depriving  that  liquid  of  its  oxygen,  and 
liberating  its  hydrogen,—- and  it  was  justly  considered  as  the  most  aston- 
ishing property  of  this  metal,  when  first  discovered,  that  it  took  fire 
when  placed  upon  the  coldest  ice.  [For  the  composition  of  water,  see 
Lecture  II.,  p.  36.]  When  thus  burped  in  contact  with  water,  potash 
is  formed,  as  before,  and  is  found  dissolved  in  the  liquid  when  the  ex- 
periment is  completed. 

4°.  Chloride  ^Poto#nitm.— This  is  a  compound  of  chlorine  with  po- 
tassium, which,  m  taste,  properties,  and  general  appearance,  has  much 
resemblance  to  common  salt.  It  may  be  formed  by  dissolving  pearl- 
ash  in  dilute  muriatic  acid  (spirit  of  salt)  as  long  as  any  efiervescence 
appears,  and  afterwards  evaporating  to  dryness.  It  exists  in  small 
quantity  in  sea  water,  in  the  ash  of  most  plants,  and  frequently  in  the 
soil.  It  is  not  an  article  of  manufacture,  but  is  occasionally  extracted 
from  kelp,  and  sold  to  the  alum  makers.  Could  it  be  easily  and  cheap- 
ly obtained,  there  is  no  doubt  that  it  might  be  employed  with  advantage 
as  a  manure,  and  especially  in  those  circumstances  in  which  common 
salt  has  been  found  to  promote  vegetation.  The  refuse  of  the  soap-boil- 
ers, where  soap  is  made  from  kelp,  contains  a  considerable  quantity  of 
this  compound.  This  refuse  might  be  obtained  at  a  cheap  rate,  and, 
therefore,  might  be  usefully  col^ted  and  applied  to  the  land  where 
•ach  works  m  established. 


SULraAVS,  VIVBASSt  «ZAI.AV«S»  ARD  CtVftAVIW  IMP  POTASH.       169 

6''*  SulphaU  of  P<9te«4.— Tins  compound  is  formed  by  adding  paari- 
ash  to  dilute  sulphuric  acid  (oil  of  vitriol)  as  long  as  enervescence  ap- 
pears, and  then  evaporating  the  solution.  It  is  a  white  saline  sub- 
stance, sparingly  soluble  in  water,  and  has  a  disagreeable  bitterish  taste. 
It  exists  in  considerable  quantity  in  wood-ash,  and  in  the  ash  of  nearly 
all  plants,  and  is  one  of  the  most  abundant  impurities  in  the  common 
potash  and  pearl-ash  of  the  sbops.  This  sulphate  itself  is  not  an  article 
of  extensive  manufacture,  but  it  exists  in  common  alum  to  the  amount 
of  upwards  of  18  per  cent,  of  its  weight. 

Dissolved  in  100  times  its  weight  of  water,  the  sulphate  of  potash  has 
been  found  to  act  favourably  on  red  clover,  vetches,  beans,  peas,  ice.^ 
and  part  of  the  efiect  of  wood  ashes  on  plants  of  this  kind  is  to  be  attii- 
bttted  to  the  sulphate  of  potash  they  contain.  Turf  ashes  are  also  said 
to  contain  this  salt  in  variable  quantity,  and  to  this  is  ascribed  a  portion 
of  their  efficacy  also  when  applied  to  the  land. 

6^.  Nitrate  of  PoUuh,  or  saltpetre,  is  a  well  known  saline  substance, 
of  which  mention  has  already  been  made  in  the  preceding  lectures.  [See 
p.  56,  and  pp.  159  to  163.]  It  contains  potash  and  nitric  acid  only,  and 
may  be  readily  formed  by  dissolving  pearl-ash  in  nitric  acid,  and  eva- 
porating the  solution.  It  exists,  and  is  continually  reproduced  in  the 
soil  of  most  countries,  and  is  well  known  to  exercise  a  remarkable  influ- 
ence in  accelerating  and  increasing  the  growth  of  plants. 

7^.  Oxalates  ofPotash.^'TheBe  salts  exist  in  the  common  and  wood 
sorrels,  and  in  most  of  the  other  more  perfect  plants  in  which  oxalic 
acid  is  known  to  exist.  [See  pp.  47  and  137.]  The  salt  of  sorrel  is  the 
best  known  of  these  oxalates.  This  salt  has  an  agreeable  acid  taste, 
and  is  not  so  poironoos  as  the  uncombined  oxalic  acid. 

When  this  salt  is  heated  over  a  lamp,  the  oxalic  acid  it  contains  is  de- 
composed, and  carbonate  of  potash  is  obtained.  It  is  supposed  that  a 
great  part  of  the  potash  extracted  from  the  ashes  of  wood  and  of  the 
stems  of  planu  in  general,  in  the  state  of  carbonate,  existed  as  an  oxa- 
late in  the  living  tree,  and  was  converted  into  carbonate  during  the  com- 
bustion of  the  woody  fibre  and  other  organic  matter.  This  compound, 
therefore,  in  all  probability,  performs  an  important  part  in  the  changes 
which  take  place  in  the  iiMerior  of  plants,  though  its  direct  agency  in 
affecting  their  growth  when  applied  externally  to  their  roou  has  not 
lutherto  been  distinctly  recognized.  It  is  probably  formed  cxnasionaUy 
in  fanu-yard  manure,  and  in  decaying  urine  and  night-soil,  but  nothing 
very  precise  is  yet  known  oti  this  subject. 

8°.  Citrates  and  Tartrates  of  Potash. — These  salts  exist  in  many 
fruits.  The  citrates  abound  in  the  orange,  the  lemon,  and  the  lime— 
the  tartrates  in  the  grape.  When  heated  over  a  lamp,  they  are  decom- 
posed, and  like  the  oxalates  leave  the  potash  in  the  state  of'^carbonate. 

In  the  interior  of  plants,  both  potash  and  soda  are  most  frequently 
combined  with  organic  acids  (oxalic,  citric,  tartaric,  &c.,  for  an  ac- 
count of  the  most  abundant  of  which  see  Lecture  VI.,  p.  121,)  and  the 
compounds  thus  formed  are  generally  what  chemists  call  acid  salts-— 
that  is  to  say,  they  generally  have  a  distinctly  sour  taste,  redden  vege- 
table blues,  and  contain  much  more  acid  than  is  found  to  exist  in  cer* 
tain  other  well  known  compounds  of  the  same  acids  with  potash. 
.  The  citrates  and  tartrates  are  not  known  to  bj^/^iinj^jg^^jyre,  ex- 
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oept  ID  the  liying  plaot,  and  as  they  are  too  expentive  to  be  erer  em- 
ployed as  manures,  it  is  the  less  to  be  regretted  that  few  experiments 
have  yet  been  tried  with  the  view  of  ascertaining  tbeir  effect  npon  vege- 
tatioD. 

9°.  Photpkates  of  Pota$k.'^l(  to  a  known  weight  of  phoi|>horic  acid 
(p.  186)  pearl-^  (carbonate  of  potash)  be  add^  as  long  as  any  efler- 
vescence  appearst  and  the  soludon  be  then  evaporated,  jhoBphaie  of 
potash  is  obtained.  If  to  the  sdution  before  evaporation  a  second  por- 
tion of  pbosohoric  acid  be  added,  equal  to  the  first,  and  the  water  be 
then  expellea  by  heat,  ^i-jikoBphaU  of  potash  will  remain,  [so  called 
from  tot  twice,  because  it  oontaiiM  twice  as  mnch  acid  as  the  former,  or 
fieutral  phosphate.] 

One  or  other  of  these  two  salts  is  found  in  the  ash  of  nearly  all  plants. 
Whether  or  not  the  elements  of  which  they  consist  exist  in  tins  state  of 
combination  in  the  living  plant  will  be  considered  hereafter,  in  the  meaa 
time  it  may  be  stated  as  certain  that  they  are  of  the  most  vital  impor- 
tance not  only  in  reference  to  the  growth  of  plants  themselves,  but  also 
to  their  nutritive  qoalides  when  eaten  by  animals  ftnr  food. 

These  phosphates  are  oocasioaally,  perhaps  very  generally,  present 
in  the  soil  in  minute  quantities,  and  there  is  every  reason  to  believe 
that  could  they  be  applied  to  the  land  in  a  suffieiently  eoonoroical  form, 
they  would  in  many  cases  act  in  a  most  favourable  manner  upon  vege- 
tation. They  are  contained  in  urine  and  other  animal  manures,  and  to 
their  presence  a  portioo  of  the  efi&cacy  of  these  masures  is  to  be  ascribed. 

Vl.— SODIUM,  SODA,  GAEBONATS  OF  SODA,  SULFBATB  fit  SODA,  BUI.FHV- 
RET  or  SODIUM,  CHI«OMDS  OF  SODIUM. 

1^.  Chloride  ofSodium,  common  or  sea  salt,  exists  abundantly  in  sea 
water,  and  is  found  in  many  paru  of  the  earth  in  the  form  either  of  in- 
crustations on  the  surfoce  or  of  solid  beds  or  masses  at  oonndersble  depths. 
The  rock  salt  of  Cheshire  is  a  well  known  example  of  this  latter  mode 
of  occurrence. 

Common  salt  may  also  be  detected  in  nearly  all  soils,  it  is  found  in 
the  ashes  of  all  plants,  but  especially  and  in  large  quantity  in  the  ashes  of 
marine  plants  (kelp),  and  is  sometimes  borne  with  the  spray  of  the  sea  to 

Sat  distances  inland,  when  the  winds  blow  strong,  and  the  waves  are 
h  and  bmken. 

On  some  rocky  shores,  as  on  that  between  Berwick  and  Dunbar,  the 
spra^  may  be  seen  occasionally  moving  up  the  little  coves  and  inlets  in 
the  form  of  a  distinct  mist  driving  before  the  wind,  and  the  saline  matter 
has  been  known  to  traverse  neaiiy  half  the  breadth  of  the  island  before 
it  was  entirel3r  deposited  fW>m  the  air. 

It  is  impossible  to  calculate  how  much  of  the  saline  matter  of  sea  water 
may  in  this  way  be  spread  over  the  surface  of  a  sea-girt  land  like  ours; 
but  two  things  are  certaiu — ^that  those  places  which  are  nearer  the  sea 
will  receive  a  greater,  and  those  more  inland  a  lesser,  portiob ;  and  that 
those  coasts  on  which  sea  vrinds  prevail  will  be  more  largely  and  more 
frequently  visited  than  those  on  which  land  winds  are  more  commonly 
experienced. 

It  is  well  known  that  common  salt  has  been  employed  in  all  ages  and 
10  all  countries  for  the  purpose  of  promoting  vegetation,  and  in  no  cooq« 
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tty  porfaftps  ID  larger  quantity  or  more  exteiiaiTely  than  in  Eng^aad. 
lliat  it  has  often  failed  to  benefit  the  land  in  particular  localitiee,  only 
shows  that  the  soil  in  those  places  already  oonlained  a  natural  supply  of 
this  cocapoond  large  enough  to  meet  the  wants  of  the  crops  which  grew 
upon  it.  The  facts  above  stated  as  to  the  influence  of  the  wind  in  tep- 
dreanng  the  exposed  coast-line  of  a  country  with  a  sdution  of  salt,  may 
serve  as  an  important  guide  both  in  reference  to  the  places  in  which  it 
may  be  expected  to  benefit  the  land,  and  to  the  eaoses  of  its  failing  to 
do  so  in  particular  districts. 

2^.  StdpkaU  ofSoda^  at  Glauber's  salt,  is  usually  manufactured  from 
common  salt  by  pouring  upon  it  diluted  sulphuric  acid  (oil  of  vitriol), 
and  applying  heat.  Muriatic  acid  (spirit  of  salt,  so  called  by  the  old 
chemists,  because  thus  given  off  by  common  salt,)  is  given  off  in  the 
form  of  vapour,  and  sulphate  of  soda  remains  behind.  It  may  also  be 
prepared,  though  less  economically,  by  adding  the  common  soda  of  the 
ahoms  to  diluted  sulphuric  acid  as  long  as  any  efiervescence  appears. 

This  well  known  salt  is  met  with  in  variable  quantity  in  the  ashes  of 
nearly  all  plants,  and  is  diffused  in  minute  proportion  through  most 
soils.  I  have  elsewhere  [see  Appendix,]  directed  your  attention  to  Uie 
beneficial  effect  which  it  has  been  observed  to  exercise  on  the  growth 
especially  of  such  plants  as  are  known  to  contain  a  considerable  propor* 
tion  of  sulphuric  acid.  Among  these  are  red  clover,  vetches,  peas,  &c. 
And  as  this  salt  is  manufacture  larjgely  in  this  oonntry,  and  can  be  ob- 
tained at  the  low  price  of  ten  shillings  a  cwt.  in  the  dry  state,*  I  have 
recommended  it  to  the  practical  farmer  as  likely  to  be  extensively  useful 
as  a  manure  for  certain  crops  and  on  certain  soils.  The  kind  of  crops 
and  soils  have  as  yet  in  gieat  measure  to  be  determined  by  practical 
trials.— [See  the  results  of  Mr.  Fleming's  Experiments,  given  in  the 
Appendix.] 

3°.  Suljphuret  of  Sodium.^^When  sulphate  of  soda  is  mixed  with 
aaw'dust,  and  heated  in  a  furnace,  the  oxygen  of  the  salt  is  separated, 
and  sniphoret  of  sodium  is  produced*  By  a  olmilar  treatment  sulphate 
of  potash  is  oooverted  into  snlphnret  of  potassium.  These  compounds 
eonsist  of  sulphur  and  metallic  sodium  or  potassium  only.  Tney  do 
not  occur  extensively  in  nature,  and  are  not  manufactured  for  sale ;  but 
there  is  reason  to  believe  that  they  would  materially  promote  the  vege- 
tation of  such  plants  as  contain  much  sulphur  in  combination  with  pot- 
ash or  soda.  The  snlphnret  of  sodium  is  present  in  variable  quantity  in 
the  refuse  lime  of  the  alkali  works,  already  spoken  of,  and  might  be  ex- 
pasted  to  aid  the  other  substances  of  which  it  chiefly  cOTsists,  in  oontri- 
boring  to  the  more  rapid  growth  of  pulse  and  clover  crops. 

4^.  Carbonate  of  Soda,^"!  have  described  the  above  compounds  of 
aoda  before  mentioning  this  its  best  known  and  most  common  form,  be- 
cause they  are  all  steps  in  the  process  by  which  the  latter  is  usually  pre- 
pared from  common  salt,  by  the  soda  manufacturere. 

When  the  sulphuret  of  sodium  is  mixed  with  chalk  in  certain  propor- 
tions, and  heated  in  a  furnace,  it  is  deprived  of  its  sulphur,  and  is  coa- 
verted  into  earhonate  of  soda,  tbe  common  soda  of  the  shops. 

This  well  known  salt,  now  sold  in  the  state  of  crystals,  [contttning  6S 
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per  cent,  of  water,]  at  from  lOe.  to  128.  a  cwt.,  bas  not  as  yet  been  ex- 
tensively  tried  at  a  meaDs  of  promotiDg  vegetation.  The  lowoess  of  its 
price,  however,  and  the  fact  that  it  is  an  article  of  extensive  home  maD- 
ufacture,  conjoined  with  the  encouragement  we  derive  from  theoretical 
considerations— all  unite  in  sugg:e8ting  tho.propfieiy  of  a  series  of  ex- 
periments with  the  view  of  determining  its  real  value  to  the  practical 
agriculturist.  The  mode  in  which  theory  indicates  that  this  compound 
is  likely  to  act  in  promoting  vegetation— as  well  as  the  crops  to  which  it 
may  be  expected  to  be  especially  useful,  will  come  under  our  considera- 
tion hereafter. 

Besides  the  common  carbonate  of  soda  above  described,  and  which  in 
the  neighbourhood  of  Newcastle  is  manufactured  from  common  salt  to 
the  amount  of  30  or  40  thousand  tons  every  year,  there  occur  in  nature 
two  other  compounds  of  soda  with  carbonic  acid,  in  which  the  latter 
substance  is  present  in  larger  quantity  than  in  the  soda  of  the  shopus. 
The  9e«9ttt-carbonate,  containing  one  naif  more  carbonic  acid,  occurs  in 
the  soil  in  many  warm  climates  (Egypt,  India,  South  America,  &c.), 
and  at  Fezzan,  in  Africa,  is  met  wuh  as  a  mineral  deposit  of  such 
thickness  as  m  that  dry  climate  to  allow  of  its  being  employed  as  a 
building  stone. 

The  6t-earbonate  is  contained  in  the  waters  of  many  lakes,  in  Hunga- 
ry, in  Asia,  &c.,  and  in  many  springs  in  all  parts  of  the  world.  There 
can  be  no  doubt  that  the  waters  of  such  springs  are  fitted  to  promote  the 
fertility,  especially  of  pasture  land,  to  which  they  may  be  applied  either 
by  artificial  irrigation,  or  by  spontaneous  overflow  from  natural  outlets. 
Some  of  the  Harrowgate  waters  contain  a  sensible  quantity  of  this  bi- 
carbonate, and  over  a  large  portion  of  the  Yorkshire  ooal-field,  a  bed  of 
rock  is  found,  at  various  depths,  the  springs  from  which  hold  in  solution 
a  considerable  portion  of  this  salt.  The  Hoi  beck  water  of  Leeds,  ac- 
cording to  Mr.  West,  owes  its  softness  to  the  presence  of  this  carbonate, 
and  the  water  from  the  coal-mines  in  the  neighbourhood  of  Wakefield 
is  occasionally  so  charged  with  it,  as  to  form  troublesome  saline  incrus- 
tations on  the  bottoms  of  the  steam  boilers.  Where  these  waters  occur 
in  sufficient  abundance,  they  should  not  be  permitted  to  escape  into  the 
rivers,  until  they  have  previously  been  employed  in  irrigating  the  land. 

It  has  occasionally  been  observed  that  natural  springs  in  some  locali- 
ties impart  a  degree  of  luxuriance  to  natural  pasture,  which  is  not  to  be 
accounted  for  by  the  mere  eflfect  of  a  constant  supply  of  water.  In 
such  cases,  the  springs  may  be  expected  to  contain  some  alkaline,  or 
other  mineral  ingredient,  which  the  soil  is  unable  to  supply  to  the  plsits 
which  grow  upon  it,  either  in  sufficient  abundance,  or  with  sufficient 
rapidity. 

5°.  Soda  or  Caustic  Soe/a.— *When  a  solution  of  the  common  soda  of 
the  shops  is  boiled  with  quick- lime,  it  is  deprived  of  its  carbonic  acid, 
and  like  the  carbonate  of  potash  (p.  167)  is  brought  into  the  cawHc  state. 
In  this  state  it  destroys  animal  and  vegetable  substances,  and,  unless 
very  dilute,  is  injurious  to  animal  and  vegetable  life. 

When  common  salt  (chloride  of  sodium)  is  mixed  with  quick- lime  in 
oompoet  heaps,  it  is  deprived  by  the  lime  of  a  portion  of  its  chlorine, 
and  is  partially  converted  into  this  caustic  soda.  The  action  of  the  soda 
in  this  state  is  similar  to  that  of  caustic  potash.     Not  only  does  it  read!- 
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ly  supply  soda  to  tbe  growing  plant,  to  wbich  soda  is  necessary,  bat  it 
also  acts  upon  certain  other  substances  whicb  the  plants  require,  so  as 
to  render  them  soluble,  and  to  facilitate  their  entrance  into  the  roots  of 
plants.  To  the  presence  of  soda  in  this  caustic  state,  the  efficacy  of 
such  composts  or  common  salt  and  lime  in  promoting  vegetation,  is  in 
part  to  be  ascribed. 

6^.  Sodium  is  a  sofl  metal  of  a  silver  white  colonr,  and,  like  potassi- 
um, light  enough  to  float  upon  water.  It  is  obtained  by  heating-caustic 
soda  with  a  mixture  of  charcoal  and  iron  filings.  It  takes  fire  upon 
water — ^though  not  so  readily  as  potassium— and  combines  with  its  <*iy- 
geo  to  form  soda.  In  the  metallic  state  it  is  not  known  to  occur  in  na- 
ture, and,  therefore,  does  not  directly  act  upon  vegetation.  With  oxy- 
gen it  forms  soda, — with  chlorine,  chloride  of  sodium  (common  salt),— 
and  with  sulphur,  sulphuret  of  sodium, — ^^all  of  which,  as  already  stated, 
are  more  or  less  beneKcial  to  vegetation. 

7^.  Phosphates  of  Soda- — When  the  common  soda  of  the  shops  is  added 
to  a  solution  of  phosphoric  acid  in  water,  till  effervescence  ceases,  and 
the  solution  is  evaporated  to  dryness,  phosphate  of  soda  is  formed,  and 
by  the  subsequent  addition  of  as  much  more  phosphoric  acid — &i-phos- 
phate.  These  salts  occur  more  or  less  abundantly  in  tbe  ash  of  nearly 
all  plants ;  they  are  occasionally  also  detected  in  the  soil,  and  one  or 
other  of  them  is  almost  always  present  in  urine  and  other  animal  ma- 
nures. As  we  know  from  theory  that  these  compounds  must  be  grate- 
ful to  plants,  we  are  justified  in  ascribing  a  portion  of  the  efHcacy  of  animal 
manures,  in  promoting  the  growth  of  vegetables,  to  the  presence  of  these 
phosphates,  as  well  as  to  that  of  the  phosphates  of  potash  (p.  190). 
They  are  not  kcH)wn  to  occur  in  the  mineral  kingdom  in  any  large  quan- 
tity,'neither  are  they  articles  of  manufacture,  hence  their  direct  action 
upon  vegetation  has  not  hitherto  been  made  the  subject  of  separate  ex- 
periment. 

VII.— CAIxrUM,  IilME,  CAKBOIfATE  OF  LIME,  SULPHATE  OF  LIME,  NI- 
TRATE OF  LIME,  PHOSPHATES  OF  LIME,  CHLORIDE  OF  CALCIUM,  SUL- 
PHURET OP  CALCIUM. 

1°.  Carbonate  of  Lime. — Chalk,  marble,  and  nearly  all  the  lime- 
stones in  common  use,  are  varieties,  more  or  less  pure,  of  that  com- 
pound of  lime  with  carbonic  acid  which  is  known  to  chemists  as  car- 
bonate of  lime.  It  occurs  of  various  colours  and  of  various  degrees  of 
hardness,  but  in  weight  the  compact  varieties  are  very  much  alike,  be- 
ing generally  a  little  more  than  2^  times  (2'7)  heavier  than  water- 
They  all  dissolve  with  effervescence  in  dilute  muriatic  acid  (spirit  of 
salt),  and  by  tbe  bubbles  of  gas  which  are  seen  to  escape  when  a  drop 
of  this  acid  IS  applied  to  them,  limestones  may  in  general  be  readily  dis- 
tinguished from  other  varieties  of  rock.  They  dissolve  slowly  also  ia 
water  which  holds  carbonic  acid  in  solution ;  and  hence  the  springs 
which  issue  from  the  neighbourhood  of  de|)06its  of  limestone  are  gene- 
rally charged  in  a  high  degree  with  this  mineral  substance. 

The  value  of  this  carbonate  of  lime  in  rendering  a  sml  capable  of  pro- 
ducing and  sustaining  a  luxuriant  vesetaijon  depends,  in  pan,  it  is  true, 
on  the  necessity  of  a  certain  proportion  of  lime  to  the  ^wth  and  full 
developementof  the  several  pansof  naarly  all  plants,  but  itjperlbrmsal«> 
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9iber  important  afficef«  which  we  shall  hereafter  have  occaaioD  mon 
fully  to  conaider. 

2°.  Lime  or  Quick-Ume.^-When  limeetone  is  burned  along  with  coal 
or  wood  in  kilns  so  constructed  that  a  current  of  air  can  pass  freely  through 
them,  the  carbonic  acid  is  driven  oST,  and  the  lime  alone  remains.  In 
this  state  it  is  generally  known  by  the  name  of  burned  or  ^vic^-lime, 
ih>m  its  caustic  qualities,  and  is  found  to  have  lost  nearly  44  per  cent,  of 
its  original  weight. 

The  most  remarkable  property  of  quick-lime  ia  its  strong  tendency  to 
combine  with  water.  This  is  displayed  by  the  eagerness  with  which  this 
liouid  is  drunk  in  by  the  lime  in  the  act  of  slakine,  and  by  the  great  heat 
which  is  at  the  same  time  developed.  Slaked  lime  is  a  compound  of 
Hme  with  water,  and  by  chemists  is  called  a  hydraU  of  lime.  It  con- 
tains 24  percent,  of  iu  weight  of  water. 

The  action  of  quick-lime  upon  the  land  is  one  of  the  roost  important 
which  presents  itself  to  the  observation  of  the  practical  agriculturist. 
Among  other  effects  produced  by  it  is  that  of  hastening  the  decomposi- 
tion of  vegetable  matter  either  in  the  soil  or  in  compost  heaps ;  but  this 
effect  is  materially  promoted  by — ^if  it  be  not  wholly  dependent  upon 
—the  presence  of  air  and  moisture.  By  this  decomposition  carbonic 
acid  and  other  compound  substances  are  produced,  which  the  roots  are 
capable  of  absorbing  and  converting  into  the  food  of  plants. 

In  this  caustic  stale  lime  does  not  occur  in  nature,  nor  when  exposed 
to  the  air  does  it  long  remain  in  this  state.  It  gradually  absorbs  carbonic 
acid  from  the  atmosphere,  and  is  again  converted  into  carbonate.  This 
change  takes  place  more  or  less  rapidly  in  all  cases  where  quick-lime  is 
applied  to  the  lancU  but  the  benefits  arising  from  burning  the  lime  do  not 
disappear  when  it  is  thus  reconverted  into  carbonate.  On  the  contrary, 
the  state  of  very  fine  powder,  into  which  quick-lime  falls  on  slaking^ 
enables  the  carbonate  of  lime,  subsequently  formed,  to  be  intermixed 
with  the  soil  in  a  much  more  minute  state  of  division  than  could  be  ob- 
tained by  any  mechanical  means.  This  we  shall  hereafter  see  to  be  a 
most  important  fact,  when  we  come  to  study  in  more  detail  the  theory 
of  the  action  of  lime  in  the  several  states  of  combination,  and  under  the 
varied  conditions  in  which  it  is  employed  for  the  purpose  of  improving 
the  land. 

3°.  Ckdciwn  is  a  silver- white  metal,  which,  by  its  union  with  oxygen, 
forms  lime.  It  is  not  known  to  exist  in  nature  in  an  uocombined  state, 
is  prepared  artificially  only  with  great  difficulty,  and  therefore  exercises 
no  direct  action  on  vegetable  growth. 

4°.  Chloride  of  Calcium.— When  chalk  or  quick-lime  is  dissolved  in 
muriatic  acid,  a  solution  of  chloride  of  calcium  is  obtained.  This  solu- 
tion occurs  in  sea-water,  in  the  refuse  (mother-liquor)  of  the  salt-pans, 
and  is  allowed  to  flow  away  in  large  quantities  as  a  waste  from  certain 
chemical  works.  I  have  elsewhere  stated  the  efiects  it  has  been  ob- 
served to  produce  upon. vegetable  growth,  [see  Appendix,]  and  have  re- 
commended the  propriety  of  making  experiments  with  the  view  of  ren- 
dering useful  some  of  those  materials  which  iu  our  manufactories  are 
now  suffered  largely  to  run  to  waste. 

5^.  Sulfhuret  of  Calcium  is  a  compound  of  sulphur  and  calcium, 
wliitth  may  be  fixmd  ^  bsaUng  together  chalk  apd  sulphur  m  a  covered 
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crucible.  It  is  aometimes  produced  id  nstuve,  whem  moiat  decayin^t 
vegetable  and  animal  matters  are  allowed  to  fermcDt  in  the  presence  of 
gY]p9um ;  it  may  sometimes  also  be  detected  in  the  soil,  and  io  the  waters 
dr  mineral  springs,  and  is  contained  largely  in  the  recent  refose  heaps 
of  the  alkali  woms.  Like  the  sulphorets  m*  potassium  and  sodium*  al- 
ready described,  it  is  fitted,  when  judiciously  applied,  to  promote  the 
growth  especially  of  those  plants  in  which  sulphur  has  been  recognized 
as  a  necessary  constituent. 

6^.  SuifhaU  of  Lime^  or  gypsum,  is  a  well  known  white  cxystalKne 
er  earthy  compound,  which  occurs  as  an  abundant  mineral  deposit  in 
nomeious  parts  of  the  globe.  It  is  present  in  many  soils,  is  contained 
in  the  waters  which  percolate  through  such  soils,  and  in  those  of  springs 
which  ascend  from  rocky  beds  in  which  gypsum  exists,  and  is  detect- 
ed in  sensible  proportions  in  the  ashes  of  many  cultivated  plants.  It 
is  extensively  employed  in  the  arts,  and  in  some  countries  not  less  ex- 
tensively as  a  means  of  promoting  the  fertility  of  the  land.— [See  Appen- 
dix, p.  1.] 

The  gypsuna  of  commerce  contains  nearly  21  per  cent,  of  its  weight 
of  water,  which  it  loses  entirel^r  on  being  exposed  to  a  red  heat.  In 
some  countries,  a  variety  which  is  almost  entirely  free  from  water  oc- 
curs in  rocky  masses,  and  is  distingubhed  by  the  name  oC  Anhydrite. 

Oypsum,  when  burned,  has  the  property  of  beio^  reduced  with  great 
ease  mto  the  state  of  an  impalpable  powder.  Th^  powder,  however, 
eombioes  so  readily  with  the  SI  per  cent,  of  water  it  had  previously  lost, 
that  if  it  be  mixed  with  water  lo  the  consistence  of  a  paste  so  thin  that  it  can 
be  poured  into  a  mould,  it  sets  and  hardens  in  a  few  minutes  into  a  solid 
mass.  In  this  way  burned  gypsum  is  employed  in  making  plaster  casts 
and  cornices. 

Burned  gypsum  consists  of  lime  and  sulphuric  acid  only— in  the  pro- 
portions of  41i  of  the  former,  to  58}  of  the  latter.  Its  use  as  a  manure, 
therefore,  will  be  specially  to  promote  the  growth  of  those  plants  by 
which  these  two  substances  are  more  abundantly  required,  and  upon 
soils  in  which  they  are  already  present  in  comparatively  small  propor- 
tion. 

7°.  Mbrate  of  Lime^^-The  productionof  nitrate  of  lime  in  artificial 
nitre-beds,  on  old  walls,  and  on  the  sides  of  caves  and  cellars,  especially 
in  damp  situations,  has  already  been  alluded  u>  in  Lecture  VIII.,  [p. 
161.]  It  may  be  formed  artificially  by  dissolving  common  limestone  m 
kiitric  acid,  and  evaporating  the  solution.  It  constitutes  a  ]Rhite  mass, 
which  rapidly  attracts  water  from  the  air,  and  runs  to  a  liquid.  It  is 
produced  naturally,  and  exists,  as  I  believe,  in  soils  containing  lioae, 
more  commonly  than  has  hitherto  been  suspected.  Its  extreme  solubili- 
ty in  water,  however,  renders  it  liable  to  be  carried  downwards  into  the 
lower  portions  of  the  soil  by  every  shower  of  rain— or  to  be  actually 
washed  away,  when  long  continued  wet  weather  prevails. 

When  heated  to  dull  redness  with  vegetable  matter,  the  nitrate  of 
lime  is  decomposed,  and  is  converted  into  carbonate,  or  when  exposed 
alone  to  a  bright  red  heat,  the  nitric  acid  is  expelled,  and  quick-lime 
alooe  remains.  Hence  where  it  really  exists  in  plants,  it  cannot  be  de- 
tected in  Ih^  asht — aqd  when  present  in  soils,  it  must  be  separated  by 
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wasbing  them  in  water,  before  they  are  exposed  to  a  beat  sufficient  to 
bum  away  the  organic  matter  they  contaio. 

The  details  already  entered  into  in  the  preceding  lecture  (pp.  159  to 
163)  regarding  the  general  action  of  nitric  acid,  in  promoting  the  natural 
vegetation  of  the  globe,  render  it  unnecessary  forme  to  dwell  here  on  the 
special  action  of  its  compound  with  lime — more  particularly  as  the  entire 
subject  of  the  action  of  lime  upon  the  land  will  hereafter  demand  from 
us  a  separate  consideration. 

The  nitrate  of  lime  cannot,  as  yet,  be  formed  by  art,  at  a  sufficiently 
cheap  rate  to  allow  of  its  being  manufactured  for  the  use  of  the  agricul- 
turist. 

Phosphates  of  Lime. — Lime  combines  with  phosphoric  acid  in  sev-* 
eral  proponions,  forming  as  many  diflTerent  compounds.  Of  these  by 
far  the  most  impxirtant  and  abundant  in  nature,  certainly  the  most  use- 
ful to  the  agriculturist,  is  the  earth  of  bones.  It  will  be  necessary,  how 
ever,  to  advert  shortly  to  two  others,  with  the  existence  of  which  it  is 
important  for  us  to  be  acquainted. 

A.  Earth  of  Bones  is  the  name  given  to  the  white  earthy  skeleton  that 
remains  when  the  bones  of  animals  are  burned  in  an  open  fire  until 
every  thing  combustible  has  disappeared.  This  earthy  matter  consists 
chiefly  of  a  peculiar  phosphate  of  lime,  composed  of  5U  per  cent,  of 
lime,  and  isi  of  phosphoric  acid.  This  compound  exists  ready  formed 
in  the  bones  of  all  animals,  and  is  the  substance  selected  in  the  economy 
of  nature  to  impart  to  them  their  strength  and  solidity*  It  is  found  in 
smaller  quantity  in  those  of  young  animals,  while  they  are  soft,  and 
cartilaginous, — and  the  sofienincf  of  the  bones,  which  in  after-life  occurs 
as  the  result  of  disease,  is  caused  by  the  unnatural  abstraction  of  a  greater 
portion  of  this  earthy  matter  than  is  replaced  by  the  food. 

This  earthy  phosphate  constitutes  about  .57  per  cent,  of  the  dried  bones 
of  the  ox,  is  present  in  lesser  quantity  in  the  horns,  hoofs  and  nails,  and 
is  never  absent  even  from  the  flesh  and  blood  of  healihy  animals.  It 
exists  in  the  seed  of  many  plants,  in  all  the  varieties  of  grain  which  are 
extensively  cultivated  for  food,  and  in  the  ashes  of  most  common  plauu. 
The  ashes  of  leguminous,  cruciferous,  and  composite  plauts^  are  es- 
pecially rich  in  this  compound. 

If  we  consider  that  when  animals  die,  their  bones  are  chiefly  buried  in 
the  earth,  and  that  over  the  entire  globe,  animal  life,  in  one  or  other  of 
its  forms,  prevails,  we  shall  not  be  surprised  that,  in  almost  every  soil, 
the  earth  of  bones  should  be  found  to  exist  in  greater  or  less  abundance. 
Nor  can  we  have  any  difficulty  in  conceiving,  if  such  be  the  case, 
whence  plants  draw  their  constant  and  necessary  supplies  of  this 
substance. 

At  the  same  time,  it  is  true  of  this  compound,  as  of  all  the  others  we 
have  yet  spoken  of,  as  occurring  in,  and  as  necessary  to  the  growth  of, 
vegetables, — that  some  soils  contain  it  in  greaier  abundance  than  others, 
and  that  from  some  soils,  therefore,  certain  plants  will  not  readily  obtain 
as  much  of  this  substance  as  they  require.  This  is  the  natural  principle 
on  which  the  use  of  bone-dust  as  a  manure  chiefly  depends. 

Hence  of  two  marls  both  containing  carbonate  of  lime,  that  will  be 
most  useful  to  the  land  which  contains  also,  as  many  do,  a  notable  por- 
tion of  pbosohate  of  lime ;  and  of  two  limestoDef«  that  will  be  preferred 
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ID  an  agrtcohoral  district  in  which  animal  remains  most  abound.  I 
shall  have  occasion  to  illustrate  this  point  more  fully,  when  in  a  subse- 
quent lecture  I  cooie  to  explain  the  natural  origin  of  soils,  and  to  trace 
tneir  chemical  constituents  to  the  several  rocky  masses  from  which  they 
appear  to  have  been  derived. 

Before  dismissing  this  topic,  however,  there  are  one  or  two  proper- 
ties of  this  bone  earth  which  are  of  practical  importance,  and  to  which, 
therefore,  I  must  shortly  request  your  attention.  It  is  insoluble  in  water 
or  in  solutions  of  soda  or  potash,  but  it  dissolves  readily  in  acids,  such  as 
the  nitric  or  muriatic,  and  also,  though  less  easily  and  abundantly,  in 
common  vinegar.  It  exists  in  milk,  and  is  supposed  to  be  held  in  solu- 
tion by  a  peculiar  acid  found  in  this  liquid,  and  which  is  distinguished  by 
the  name  oflaciic  acid  (acid  of  milk). 

It  is  slightly  soluble  also  in  a  solution  of  carbonic  acid,  and  of  certain 
other  organic  acids  which  exist  in  the  soil,  and  it  is  by  means  of  these 
acids  that  it  is  supposed  to  be  rendered  capable  of  entering  into  the  roots 
of  plants.  Wherever  vegetable  matter  exists,  and  is  undergoing  decay 
in  the  soil,  the  water  makes  its  way  to  the  roots  more  or  less  laden  with 
carbonic  acid,  and  thus  is  enabled  to  bear  along  wiih  it  not  only  common 
carbonate  of  lime,  as  has  been  shown  in  a  previous  lecture  (p.  47),  but 
also  such  a  portion  of  phosphate  as  may  aid  in  supplying  this  neceinaiy 
ibod  to  the  growing  plant.* 

In  the  bones  of  animab  the  phosphate  is  associated  with  animal  gda." 
line,  which  can  be  partially  extracted  by  boiling  bones  in  water  under 
a  high  pressure.  It  has  been  observedt  however,  that  the  phosphate, 
when  in  a  minute  state  of  division,  is  slightly  soluble  in  a  solution  of 
gelatine,  and  henoe  bones,  from  which  tne  jeHy  has  been  partially  ex- 
tracted by  boiMog,  will  be  deprived  of  a  cenain  proportion  of  their  earthy 
matter  also.  They  will  have  lost  their  eelatine,  nowever,  in  a  greater 
proportion,  and  hence,  if  again  ikorauMy  dried,  they  will  contain  a 
larger  per-centage  of  bone  earth  than  when  in  their  natural  state.  In 
this  country,  bones  are  seldom  boiled,  I  believe,  either  for  the  jelly  they 
ffive,  or  as  m  France  and  Germany  for  the  manufacture  of  glue,  thouffn 
m  certain  localities  they  are  so  treated  in  open  vessels  for  the  sake  of  the 
oil  they  are  capable  of  yielding.  Such  boiled  bones  are  said  to  act  more 
qnickly  when  applied  to  the  land,  but  to  be  less  permanent  in  their  e^ 
fects.  This  may  be  chiefly  owing  to  their  not  being  so  perfectly  dry  as 
the  nnboiled  bones.  Being  thus  moist,  they  will  contara,  in  the  same 
weight,  a  comparatively  smaller  quantity  both  of  the  animal  gelatine 

*  If  to  aiohiiioa  of  boae  earth  In  muiiatlo  aeld  (tpirU  of  fait),  liquid  ammonia  (hartsboni) 
he  added,  ihe  ■olutioa  will  become  miitcy,  and  a  white  powder  will  fall,  which  ia  the  earth 
of  bones  in  an  eztremefj  minate  Mate  of  divitioo.  If  this  powder  be  washed  by  repeated  aflta- 
atom  of  pan  water,  and  be  aAerwands  well  shaken  with  water  which  is  saturated  with  car* 
boojc  acidf  or  through  which  a  current  of  this  gss  Is  made  to  pass,  a  sensible  portion  of  the 
phosphate  will  l>e  found  to  be  taken  up  by  the  water.  This  will  appear  on  decanting  the 
■oinuoa  and  evaporaUnf  ft  lo  di7uos8,  when  a  qoaniity  of  the  white  powder  will  remain  bo> 

hind.    The  mean  of  10  experiments  made  in  this  vraj- **"  — '—  '—  **- *'—  ''' 

phosphate  taken  up  by  an  imperial  gallon  of  water. 


hind.  The  mean  of  10  experiments  made  in  this  wray  saTO  me  30  graioa  for  the  quantity  of 
phosphate  taken  up  by  an  imperial  gallon  of  water.  Wliat  takes  phica  In  this  war  In  our 
nands.  happens  also  In  the  soil.  Not  only  does  that  which  enters  the  root  bear  with  It  a  por- 
tion of  ihls  compound  where  It  exists  in  the  soil,  but  the  superabundant  water  also  which 

.       .  J^ 
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runs  off  the  suiilace  or  sinks  thronsh  to  the  drains,  carries  with  It  to  the  rlaers  in  Its  ooun 
•  snO  laivcr  quantfty  of  thla  aohaMe  compound,  and  thua  gradually  lessen  that  Moply  c 
phoaphato  which  eUh«r  axlals  ■atually  to  tha  soil,  or  baa  baon  addad  aa  a  maaore  by  tl 
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and  of  tht  earthy  plxwpbata,  while  they  will  alao  be  mora  wecepciUe  of 
speedy  decompoeitioo  when  buried  in  the  eoil.* 

Id  eolutioos  of  commoa  salt  and  of  sal-ammoiiiac,  the  eanh  of  boaea 
is  aleo  slightly  soluble,  and  cases  may  occur  where  the  presence  of 
these  compounds  in  the  soil  may  facilitate  the  cooveyance  of  the.earthy 
phosphate  into  the  rooto  of  plants. 

B.  Add  or  Bi-Pho9phaU  of  Ltm^.^When  burned  booes  are  reduced 
to  powder,  and  digested  in  sulphuric  acid  (oil  of  vitriol),  diluted  with 
once  or  twice  its  weis ht  of  water,  the  acid  combines  with  a  portion  of  the 
lime,  and  forms  sulphate  of  lime  (gypsum),  while  the  remainder  of  tha 
lime  and  the  whole  of  the  phosphoric  acid  are  dissolved.  The  soLution, 
therefore,  contains  an  acid  phosphate  of  lime,  or  one  in  which  the  phoa- 

?horic  add  exists,  in  much  larger  quantity  than  in  the  earth  of  nooes. 
!*he  true  bi-phospfaate,  when  free  from  water,  consists  of  71i  of  phos- 
phoric add,  and  28^  of  lime.  It  euau  in  the  urine  of  most  animals,  and 
IS  therefi>re  an  important  oonstitoeDt  of  liquid  manures  of  animal  origin. 

If  the  mijiture  of  gypsum  and  acid  phosphate,  above  describedt  be 
largely  diluted  with  water,  it  will  ibrm  a  most  valuable  liquid  manure, 
especially  for  arass  land,  and  for  crops  of  rising  com.  In  this  liquid 
BUte,  the  phos^ric  acid  will  diffuse  itself  easily  and  perfectly  through- 
out the  soil,  and  there  will  speedily  lose  its  acid  character  by  combimng 
with  one  or  other  of  the  Icuicj  substances,  aUnoat  always  pfeseot  in 
avery  variety  of  land. 

Or  if  to  the  solution,  befera  it  is  applied  to  the  land,  a  quantity  of  pearl- 
ash  be  added  until  it  begin  to  turn  milky,  a  mixture  of  the  phosphatea 
with  the  sulphates  of  lime  and  of  potash  will  be  obtaiaedi  of— *if  soda  be 
added  instead  of  potash--of  the  phoephates  with  the  sulphates  of  lime 
and  of  soda ;  either  of  whieh  mixtures  will  be  still  mora  efficadooa 
upon  the  land,  than  the  solution  of  the  acid  phosphates  alone« 

Or  to  the  solution  of  bones  in  the  acid,  the  potash  or  soda  may  be  added 
without  further  dilution,  and  the  whole  then  dried  up  by  the  addition  of 
charcoal  powder,  or  even  of  vegetable  mould,  till  u  is  in  a  suificieotly 
dry  state  to  be  scattered  with  the  band  as  a  lop-dressing,  or  buried  io 
the  land  by  means  of  a  drill. 

I  have  above  alluded  to  the  employment  of  bones  in  France  and  Ger- 
many, for  the  manufacture  of  glue.  For  this  purpose  the  broken  bones 
are  mgested  in  weak  muriatic  acid,  by  which  the  earthy  matter  is  dis- 
solved, and  the  gelatine  left  behind.  The  gelatinous  skeleton  is  bdlsd 
down  for  glue,  and  the  solution  of  the  bone  earth  is  thrown  away.  Thia 
solution  contains  a  mixture  of  the  acid  phosphate  of  lime  with  chloride 
of  calcium,— and  might  be  used  up  in  any  of  the  ways  above  described, 
with  manifest  beneBt  to  the  land.  The  glue  prepared  by  this  method, 
however,  is  said  to  be  inferior  in  quality,  and  as  the  process  is  not  adopt- 
ed in  this  country,  the  opportunity  of  making  an  economical  application 
of  this  waste  material  is  not  likely  to  be  often  presented  to  the  English 
farmer. 

*  Th«  retatiTe  talue  of  onMb«d  hontm  In  theM  two  tUtea,  to  indicated  bjr  the  price  ofOke 
tmbolled  beiof  ^oat  7  guioeas,  while  that  of  hoUed  la  only  about  4  guineaa  a  ton. 

t  ThIa  word  Ha  aleeady  been  oaed  and  ezplalned-4t  la  applied  to  polaah,  aod^  aiwmnla, 
Inae,  mafneal%  and  other  aabataneea,  which  have  the  property  of  eomblDlnc  «rtlB  aeida  (aul. 
phnri^Tiric,  4e.)  and  of  tboa  mutraUoM^^  them,  or  deprivlnf  Ibem  of  tMr  leftd       "  ' 
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C.  Native  Phosphate  oflAme  or  Apalite.^^lu  some  parts  of  the  world, 
a  hard  mioeral  substance,  cominonly  koowo  by  the  name  of  Apatite, 
occurs  in  considerable  quantity.  It  consists  chiefly  of  a  phosphate  of 
lime,  which  differs  but  slightly  in  its  constitution  from  the  earth  of  bones, 
—containing  54^  per  cent,  of  lime,  while  the  latter  ccmtains  only  51|  per 
cent.  The  composition  of  this  mineral  would  lead  us  lo  expect  it  to 
possess  a  favourable  action  opon  vegetation,  and  this  anticipation  has 
been  confirmed  by  some  experiments  made  with  it  on  a  limited  scale  by 
Sprengel.— [Ci^«mie,  I.,  p.  64.] 

It  occurs  occasionally  in  mineral  veins,  especially  such  as  are  found 
in  the  granitic  and  slate  rocks.  Masses  of  it  are  met  with  in  Cumber- 
land, in  Cornwall,  in  Finland,  in  the  iron  mines  of  Arendidil  in  Nor- 
way, and  in  many  other  localities.  A  variety  of  it  distinguished  by  the 
name  o^ phwpiujrxte  is  said  to  form  beds  at  Schlachenwalde  in  Bohemia, 
and  in  the  province  of  Estremadura  in  Spain.  From  the  last  of  these 
localities  being  the  most  accessible,  the  time  may  come  when  the  hieh 
price  of  bones  may  induce  our  enterprising  merchants  to  import  it,  for 
the  purpose  of  being  employed  in  a  finely  powdered  state  as  a  fertilizer 
of  the  land. 

J^  ofGnpe  8  of 

Watsr 


y  Google 


LECTURE  X. 

Inorgviic  constituents  of  planta  contiaoed.— Magnesia,  Alumina,  Silica,  and  the  Oxides  of 
Iron  and  Manganese.— Tabular  view  of  the  constitution  of  the  inorganic  substances  de. 
scribed.— Proportions  In  which  these  seTeral  substances  are  found  In  the  plants  eulilTated 
fur  food.— Extent  to  which  these  plants  exhaust  the  soil  of  ioorganiG  vegetabto  food.— 0(at« 
in  which  the  inorganic  elements  exist  in  plants. 

§  1.  Inorganic  consiituenU  of  plants  continued* 

YIII.— MA01VK81UM,    HAONK8IA,  CARBOTtATE;  SULPHATE,    ITITRATE,  AWD 
PHOSPHATE   OF   MAGNESIA,    CHLORIDE    OF    MAGRESIUlf. 

1°.  Carbonate  of  Magnesia  is  a  lasteless  earthy  compound,  which  in 
some  parts  of  the  worW  forms  rocky  masses  aod  veins  of  considerable 
height  and  thickness.  It  occurs  more  largely,  however,  in  connection 
with  carbonate  of  lime  in  the  roagnesian  limestones,  so  well  known  in 
the  eastern  and  northern  parts  of  England,— and  in  similar  rocks,  dis- 
tinguished by  the  name  of  dolomites  or  of  doloroitic  limestones,  in  va- 
rious countries  of  Europe.  The  pure,  exceedingly  light,  while  magne- 
sia of  the  shops,  is  partly  extracted  from  the  magnesian  limestone,  and 
partly  from  the  mother  liquor  of  the  salt  pans,  which  generally  contaiDS 
much  magnesia. 

When  pure  and  dry,  carbonate  of  magnesia  consists  of  434  of  magne- 
sia, and  61  §  of  carbonic  acid.  It  dissolves  readily  in  diluted  acids  (sul- 
phuric, muriatic,  and  acetic,)  the  carbonic  acid  at  the  same  time  esca- 
ping with  effervescence. 

Existing  as  it  does  in  many  solid  rocks,  this  carbonate  of  magnesia 
may  be  expected  to  be  present  in  the  soil,  and  it  is  found  in  the  ashes  of 
many  plants.  Of  the  ashes  of  some  parts  of  plants  it  constitutes  one- 
sixth  of  the  entire  weight. 

When  exposed  to  the  air  in  a  finely  divided  state,  it  gradually  absorbs 
a  quantity  of  moisture  from  the  atmosphere,  equal  to  two-thirds  of  its 
own  weight.  In  this  slate,  it  dissolves  in  48  times  its  weight  of  water, 
though,  when  dry,  it  is  nearly  insoluble.  Like  carbonate  of  lime  it  is 
also  soluble  in  water  impregnated  with  carbonic  acid,  but  in  a  some- 
what greater  degree.  In  this  state  of  solution  it  may  be  readily  carried 
into  the  roots,  and  be  the  means  of  supplying  to  the  parts  of  living  ve- 
getables a  portion  of  that  magnesia  wliicn  is  necessary  to  their  perfect 
growth. 

Soils  containing  much  of  this  carbonate  of  magnesia  are  said  to  be 
highly  absorbent  of  moisture,  and  to  this  cause  is  ascribed  the  coldness  of 
such  soils. — [Sprengel,  Cketnie^  I.,  p.  645.]  This  opinion  is,  however, 
open  to  doubt. 

2°.  Ma^esia  or  Caustic  Magnesia^  the  calcined  magnesia  of  the 
shops. — When  the  carbonate  of  magnesia  is  heated  to  redness  in  the 
open  air,  it  parts  with  its  carbonic  acid  much  more  readily  than  lime 
does,  and  is  brought  into  the  state  of  pure  or  caustic  magnesia.  In  this 
State  it  does  not  occur  in  nature,  but  it  is  occasionally  met  with  in  com- 
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bioation  with  about  30  per  cent,  of  water.  When  magnesian  lime- 
atones  or  dolomites  are  burned,  the  quick-lime  obtained  often  contains 
caustic  magnesia  also  in  considerable  quantity.  This  mixture  is  fre- 
quently applied  to  the  land,  and,  as  is  well  known  in  many  parts  of 
England,  with  injurious  effects,  if  laid  on  in  too  large  quantities.  The 
cause  of  this  hot  or  burning  nature,  as  it  is  called,  of  magnesian  lime,  is 
not  very  satisfactorily  ascertained.  I  shall,  however,  state  two  or  three 
facts,  which  may  assist  in  conducting  us  to  the  true  cause. 

^  1^.  Quick-Itme  dissolves  in  750  times  its  weight  of  water,  at  the  or- 
binary  temperature  of  the  atmosphere,  while  pore  masnesia  requires 
5142  times  its  weight.  The  magnesia,  therefore,  is  not  likely  to  injure 
living  plants  dirtcUy  by  entering  mto  their  roots  in  its  caustic  state,  since 
lime  which  is  seven  times  more  soluble  produces  no  injurious  eflect. 

2**.  It  seems  to  be  the  result  of  experience,  that  magnesia  in  the  state 
of  carbonate  is  but  slightly  injurious  to  the  land ;  some  deny  that  in  this 
state  it  has  any  injurious  efiect  at  all.  This  I  fear  is  doubtful ;  we  may 
infer,  however,  with  some  degree  of  probability,  that  it  is  from  some 
property  possessed  by  magnesia  in  the  caustic  state,  and  not  possessed, 
or  at  least  in  an  equal  degree,  either  by  quick-lime  or  by  carbonate  of 
magnesia,  that  its  evil  influence  is  chiefly  to  be  ascribed. 

3°.  When  exposed  to  the  air,  quick-lime  speedily  absorbs  water  and 
carbonic  acid  from  the  air,  forming  Brst  a  hydrate*  in  fine  powder,  and 
then  a  carbonate.  Caustic  magnesia  absorbs  both  of  these  more  slowly 
than  lime  does,  and  in  the  presence  of  the  latter,  or  when  mixed  with  it, 
must  absorb  them  more  slowly  still,  since  the  lime  will  seize  on  the 
greater  portion  of  the  moisture  and  carbonic  acid  which  exists  in  the  air, 
immediately  surrounding  both.  When  slaked  in  the  air  also,  the  lime 
may  be  transformed  in  great  part  into  carbonate,  while  the  magnesia 
still  remains  in  the  state  of  hydrate,  and  it  is  a  property  of  this  hydrate 
to  attract  carbonic  acid  more  feebly  and  slowly,  even  than  the  newly 
burned  magnesia  as  it  comes  from  the  kiln.  Hence  when  buried  in  the 
soil,  afler  the  lime  has  become  nearly  all  transformed  into  carbonate,  the 
magnesia  may  still  be  all  either  in  the  dry  caustic  state,  or  in  that  of  a 
hydrate  only. 

4°.  Now  there  exist  in  the  soil,  and  probably  are  exuded  from  the 
living  roots,  various  acid  substances,  both  of  organic  aiid  of  inorganic 
origin,  which  it  is  one  of  the  functions  of  lime,  when  applied  to  the  land, 
to  combine  with  and  render  innoxious.  But  these  acid  compounds  unite 
rather  with  the  caustic  magnesia,  than  with  the  lime  which  is  already 
in  combination  with  carbonic  acid — and  form  salts,  j  which  generally  are 
mudt  more  soLuhle  in  water  than  the  compounds  of  lime  with  the  same 
9c\dB,  Hence  the  water  that  goes  to  the  roots  reaches  them  more  or 
less  loaded  with  magnesian  salts,  and  carries  into  the  vegetable  circula- 
tion more  magnesia  than  is  consistent  with  the  healthy  growth  of  the 
plant* 

It  is  hazardous  to  reason  from  the  phenomena  of  animal  to  those  of 

*  CompouQdi  of  wbatancM  wtth  water  are  called  h^dnUet  (flnom  the  Greek  word  for  wa- 
ter.) Thiu  slaked  lime,  a  coropoaod  of  lime  with  water,  Is  called  hydrate  ofhtne—nad  the 
nattve  eonpoood  of  magnesia  with  water,  allttdod  to  in  tiie  text,  is  caUed  hydrate  of  mag- 


t  CompooDds  of  the  te«e»,— potash,  soda,  lime,  masnesla.  Ac.,— with  ocub,— «ulpharic 
muriatic  nitric«  acetto  (or  Ti^e^),  *c.,-ai«  called  soto.    ^  ^^  "  oy  ^  w  v.^ . 
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vegetable  physiology,  yet  if  lime  and  magnesia  have  the  power  of  dif- 
ferently affecting  the  animal  economy,  why  may  they  not  also  very 
diflTerently  affect  the  vegetable  economy  ?  And  since  in  the  same  cir- 
cumstances, and  in  combination  with  the  substances  they  meet  with 
in  the  same  soils,  magnesia  is  capable  of  entering  more  largely  into 
a  plant  by  its  roots — may  not  magnesia  be  considered  capable  of  poi- 
soning a  plant,  when  lime  in  the  same  condition  would  only  improve 
the  soil? 

1  have  said  that  it  may  be  doubted  whether  magnesia  in  the  state  of 
carbonate  is  wholly  unhuriful  to  the  land.  This  doubt  rests  on  the  fact 
that  the  magnesia  retains  its  carbonic  acid  more  feebly  than  lime  does 
— and  therefore  its  carbonate  is  the  more  easily  decomposed  when  an 
acid  body  comes  in  contact  with  both.  Though,  therefore,  (he  raag- 
nesian  carbonate  will  not  lay  hold  of  all  acid  matter  so  readily  and  surely 
as  caustic  magnesia  may,  still  occasions  may  occur  where  acid  matters 
being  abundant  in  the  soil,  so  much  carbonate  of  magnesia  may  be  de- 
composed and  dissolved  as  to  render  the  water  absorbed  by  its  roots 
destructive  to  the  health  or  life  of  a  plant. 

In  reference  to  this  ix)int,  however,  it  must  be  distinctly  underst<x>d, 
that  magnesia  is  one  of  the  kinds  of  inorganic  food  most  necessary  to 
plants,  that  a  certain  quantity  of  it  in  the  soil  is  absolutely  necessary  to 
the  growth  of  nearly  all  cultivated  plants,  and  that  it  is  only  when  it  is 
conveyed  to  the  roots  in  too  large  a  quaniityr  that  it  proves  injurious  to 
vegetable  life. 

5°.  Magnesittm  is  the  metallic  basis  of  magnesia.  Little  is  known 
of  its  properties,  owing  to  the  difHculty  of  preparing  it  in  any  consider- 
able quantity  for  the  purpose  of  experiment.  It  is  a  white  metal,  w^hich, 
when  heated  in  the  air,  takes  fire  and  burns,  combining  with  the  oxygen 
of  the  atmosphere,  and  forming  magnesia.  It  is  not  known  to  occur  in 
nature  in  an  elementary  form,  and  therefore  is  not  supposed  directly  to 
influence  vegetation. 

6°.  Cldorideof  Magnesium. — When  calcined  or  carbonated  magne- 
sia is  dissolved  in  muriatic  acid,  and  the  solution  evaporated  to  dryness, 
a  while  mass  is  obtained  which  is  a  chloride  of  magnesium^  consisting  of 
magnesium  and  chlorine  only.  This  compound  occurs  not  unfrequently 
in  the  soil,  associated  with  chloride  of  calcium.  It  is  met  with  also  in 
the  ash  of  plants,  while  in  sea  water,  and  in  that  of  some  salt  lakes,  it 
exists  in  very  considerable  (pjantity.  Thus  100  parts  of  llie  water  of 
the  Atlantic  have  been  found  to  contain  3i  of  chloride  of  magnesium, 
while  that  of  the  Dead  Sea  yields  about  24  parts  of  this  compound.* 
Hence  it  is  present  in  great  abundance  in  the  mother  liquor  of  the  salt 
pans,  and  it  is  from  the  refuse  chloride  in  this  liquor  that  the  magnesia 
of  the  shops,  as  above  stated,  is  frequently  prepared. 

The  chloride  of  magnesium  has  not  hitherto  been  made  the  subject  of 
direct  experiment  as  a  fertilizer  of  the  land.  From  the  fact,  however, 
that  plants  require  much  magnesia  and  some  chlorine,  there  is  reason  to 
believe  that,  if  cautiously  applied,  it  might  prove  beneficial  in  some  soils, 
and  especially  to  grain  crops.  Its  extreme  solubtHiy  in  water,  however, 
suggests,  the  use  of  caution  in  its  application.     The  safest  metliod  is  to 

tnd  SStRys  of  *«m^a[  ^"^  ^^  **  ^°*^'*  ^  •**"*  *"*  *»^  ^'^^^^  «f  ^"^^ 
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dissolve  k  iD  a  larce  quantity  of  water,  and  to  apply  it  to  the  yoong 
plant  by  means  of  a  water-cart.  In  this  way  the  refuse  of  the  salt 
works  might,  in  some  localities,  be  made  available  lo  useful  purfioses. 

The  chloride  of  magnesium  is  decomposed  both  by  quick-lime  and  by 
carbonate  of  lime ;  hence  when  applied  to  a  soil  containing  lime  in 
either  of  these  states,  chloride  of  calcium  and  caustic  or  carbonated  mag- 
nesia will  be  produced. 

7^.  yitraU  of  Magnesia  is  formed  by  dissolving  carbonate  Qf  maane- 
sia  in  nitric  Qcid,and  evaporating  the  solution.  It  attracts  moisture  Irom 
the  air  with  great  rapidity,  and  runs  into  a  liquid.  It  Is  probably  formed 
naturally  in  soils  containing  magnesia,  in  the  same  way  as  nitrate  of 
lime  is  known  to  be  produced  in  soils  containing  lime.  [See  Lecture 
VIII.,  p.  159.]  No  direct  experiments  have  yet  been  made  as  to  its 
efiects  upon  vegetation  ;  but  there  can  be  no  doubt  that  it  would  prove 
hi|(hly  beneficial,  could  it  be  procured  at  a  sufficiently  cheap  rate  to  ad- 
mit of  its  economical  application  to  the  land. 

8°.  Sulphate  of  Magnesia — the  common  Epsom  salts  of  the  shop*— 
is  formed  by  dissolving  carbonate  of  magnesia  in  diluted  sulphuric  acid* 
It  exists  in  nearly  all  soils  which  are  formed  from,  or  are  situated  in, 
the  neighbourhood  of  rocks  containing  magnesia.  In  some  soils  it  is  so 
abundant  that  in  dry  weather  it  forms  a  white  efflorescence  on  the  sur- 
face. This  has  been  observed  to  take  place  in  Bohemia,  Hungary,  and 
pans  of  Germany,  and  it  may  be  frequently  seen  in  warm  summer 
weather  in  the  neighbourhood  of  Durham.* 

This  salt  has  been  found  by  Sprengel  fo  act  upon  vegetation  precisely 
in  the  same  way  as  gypsum  does,  and  on  the  same  kind  of  plants.  It 
must  be  used,  however,  in  smaller  quantity,  owing  to  its  great  solubili- 
ty. Its  higher  price  will  prevent  its  ever  being  substituted  for  gypsum, 
as  a  top-dressing  for  clover,  &c.,  but  it  is  worth  the  trial,  whether  corn 
plants,  the  grain  of  which  contains  much  magnesia,  might  not  be  bene- 
fitted by  the  application  of  a  small  quantity  of  this  sulphate — along  with 
such  other  substances  as  are  capable  of  yielding  the  remaining  constit- 
uents which  compose  the  inorganic  matter  of  the  grain.  Its  price  is  not 
too  high  to  admit  of  this  more  restricted  application.f 

9<>.  Phosphate  of  Magnesia. — Magnesia  exists  in  combination  with 
phosphoric  acid,  in  the  solids  and  fluids  of  all  animals,  though  not  so 
abundantly  as  the  phosphates  of  lime.  In  most  soils  phosphate  of  mag- 
nesia is  probable  present  in  minute  quantity,  since  in  the  ashes  of  some 
■varieties  of  grain  it  is  found  in  very  considerable  proportion. 

Its  action  upon  vegetation  has  never  been  tried  directly,  but  as  it 
exists  in  urine,  and  in  most  animal  manures,  a  portion  of  iheir  efficacy 
m^y  be  due  to  its  presence.  In  turf  ashes,  which  often  prove  a  valua- 
ble manure,  it  is  sometimes  met  with  in  appreciable  quantity,  and  their 
beneficial  operation  in  such  cases  has  been  attributed  in  part  to  the  agen- 
cy of  this  phosphate. 

•  B  oceuionallT  eollecta  benealh  the  plaater  of  old  waJls  in  Durham.  In  one  of  the  lower 
ivoiDS  of  the  old  Exchequer  bDildlngt,  I  found  It  forming  an  eztenelve  layer  neariT  half  an 
Inch  thick,  beneath  the  damp  plarter.  The  magnesia  is  derived  from  the  magnerian  lime- 
stone,  uaed  both  for  mortar  and  for  boUding  alone. 

t  It*  price  in  Newcaade  in  the  etate  of  cryatala,  ia  about  10a.  a  cwt.  The  fmpore  salt  col- 
lected at  the  alum  worka  on  Uie  Yorkaiiire  co•«a^  might  l)e  obtained,  I  abonldsoppoae,  fbr 
littie  noi«  than  half  this  price. 
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JZ.-«^AX.UMIffICM,   ALUMINA,   8t7LPHATE    AND  FHOfrHAfS  OF 
ALUMINA — ALUM. 

1^.  Aluminium  is  another  of  tboae  rare  and  little  known  metals,  tho 
existence  of  which  was  established  by  Sir  H.  Davy.  In  combinadoa 
with  oxygen  it  forms  alumina,  and  in  this  state  it  exists  in  such  abun- 
dance m  nature,  as  to  form  a  large  portion  of  the  entire  crast  of  the 
globe. 

2°.  Alumina,  the  earth  of  Alum. — When  common  alum  k  diaeolFed 
in  water,  and  a  solution  of  carbonate  of  soda  or  of  ammonia  is  added  to 
it,  a  bulky  white  powder  falls,  which,  when  collected  on  a  filter,  well 
washed  and  dried,  is  nearly  pure  alumina.  This  substance  occurs  on 
the  surface  of  the  earth  in  a  pure  state  only  in  some  rare  minerals,  such 
as  the  corundum,  the  sapphire,  and  the  ruby,-— but  it  constitutes  a  large 
proportion  of  all  tbe  slaty  and  shaley  rocks.  It  is  the  principal  ingre- 
dient also  of  all  clays  (pipe-clay  for  example)  and  clayey  soils,  which 
increase  in  tenacity  in  proportion  to  the  quantity  of  alumma  they  contain. 

When  pure,  it  is  a  white  tasteless  earthy  substance,  which  adheres  to 
the  tongue,  has  a  density  of  2*00,  and  is  insoluble  in  water,  but  dissolves 
readily  in  caustic  potash  and  soda  and  in  most  acids,  at  least  when  new- 
ly thrown  down  from  a  solution  of  alum.  When  heated  to  redness* 
Kowever,  it  becomes  hard  and  dense,  as  In  burned  clay  and  fire  bricks, 
and  can  then  only  be  dissolved  with  extreme  difficulty,  even  by  the 
strongest  acids.  Though  it  exists  so  largely  in  the  soil,  it  contributes 
but  little  in  a  direct  manner  to  the  nourishment  of  plants.  The  ash  they 
leave  contains  in  general  but  a  very  small  per-centage  of  alumina,  as 
will  more  clearly  appear  hereafter,— the  principal  agency,  therefore,  of 
this  ingredient  of  the  soil  is  most  probably  of  an  indirect,  perhaps  of  a 
mechanical  kind. 

It  has  been  stated  in  a  preceding  Lecture  (p.  23),  that  charcoal  has 
the  property  of  absorbing  gaseous  substances,  such  as  ammonia,  from 
the  atmosphere,  and  that  the  action  of  charcoal  powder,  in  promoting 
vegetation,  has  been  in  a  great  measure  ascribed  to  this  property.  The 
same  property,  we  have  also  seen  (p.  136),  is  ascribed  to  gypsum,  and 
hence  its  fertilizing  action  has  been  explained  in  a  similar  way.  Alum- 
ina is  said  to  be  equally  absorbent  of  ammonia ;  and  the  use  of  burned 
clay  as  a  top-dressing,  so  strongly  recommended  by  General  Beatson, 
[New  System  of  Cultivation^  London,  1820,]  is  ascribed  to  its  power 
of  abstracting  ammonia  from  the  air,  and  fixing  it  in  the  soil  ready  to  be 
conveyed  by  the  rains  to  the  roots  of  the  plants  ihat  grow  upon  it  [Liebig, 
p.  90.]  It  has  been  already  shown  (p.  136,)  that  this  mode  of  ac- 
counting for  the  action  of  gypsum  is  not  saiisfaciory  as  a  sole  cause— in 
the  case  of  alumina,  the  fact  of  its  absorbing  ammonia  is  hypothetical,* 
and  therefore  the  explanation  founded  uporf  this  fact  is  not  to  be  impli- 
citly relied  upon. 

3°.  Sulphate  of  Alwnina. — When  alumina  is  digested  in  diluted  sul- 

BeoAQse  ebt? ■  of  manjr  Ttfietlea— ptpe-cUy  for  •zample— contain  tneec  of  unnonit, 
which  they  evoiTe  when  moistened  with  a  aobUon  of  caustic  potash,— ft  is  Inferred  thai 
they  hare  absorbed  this  ammonia  from  the  atmosphere.  The  same  inference  is  drawn 
from  the  fact  of  iia  presence  in  oxi<le  of  iron.— [Ltebig's  Organic  Oufmiwtry  applied  f  ArrU 
CMtfMtis,  p.  89.}— In  neither  ease  does  the  inference  appear  to  ma  to  be  nacaasiiiy.  Much  of 
ttie  aminonia  may  have  been  formed  to  tbe  soil,  daring  the  ozidblion  of  the  (ron  itsalil  or 
daring  tbe  de«ay  of  vesetable  and  aatmal  mbsiances.— See  abovv,  LeMure  VIIL^  o.  II& 


pboric  acid,  it  readily  dissolves,  and.  forma  a  aoloiion  of  Mlphato  of 
alumina.  This  solution  is  characterizsd  by  a  remarkable  aad  alnaooc 
pecu liar  sweetish  astrin|{em  taste.  When  evaporated  to  dryness  k  yiokb 
a  white  salt,  which  dissolves  in  twice  its  weight  of  water  only,  and  wben 
exposed  to  the  air,  attracts  moietore  rapidly,  and  spontaneously  runs  to 
a  liquid.  This  salt  exists  in  some  soils,  espedally  in  those  of  wat, 
marshy,  and  peaty  lands. 

No  experiments  have  yet  been  made  with  the  view  of  determtmog  its 
direct  influence  upon  vep^eiation. 

4^.  Pho9pkale$  of  Alumina^~^lo  combination  with  pbosphorie  acidt 
alumina  forms  one  compound  well  known  lo  mtnerelogists,  by  the  name 
c€waffdUU.  This  mioenil,  however,  ocean  in  too  small  quantity  to  be 
an  object  of  interest  to  the  agriculturisC. 

Ptmsphoric  acid  is  disseminated  in  some  form  or  other  throughout  oar 
clayey  soils,  tliough  in  very  small  and  variable  quantity.  It  is  most 
probable  that  in  these  soils  a  portion  of  the  acid  at  least  is  in  combina- 
tion with  the  alumina  in  the  state  of  phosphate.  One  of  the  moot  diffi- 
cult problems  in  analytical  chemistry  is  toelfect  a  perfect  separation  of  a 
small  proportion  of  phosphoric  acid  ftom  alumina,  and  rigonmsly  to  esti- 
mate its  quaniity ;  hence  in  the  greater  part  of  the  analyses  of  soils  huherio 
published,  this  most  important  ingredient  in  a  fertile  soil  (the  phosphoric 
acid),  when  in  combination  with,  or  in  presence  of  alumina,  has  either 
been  altogether  neglected,  or  rudely  guessed  at,  or  indicated  by  a  rough 
approximation  only.  We  have  no  direct  proof,  therefore,  of  the  extent 
to  which  the  phosphates  of  alumina  exist  in  different  soils. 

5^.  ^lufi.— The  common  alum  of  the  shops  owes  its  well-known 
sweetish  astringent  taste  to  the  presence  of  the  above  sulphate  of  alumi- 
na. It  consists  in  100  pans  of  about  40  of  sulphate  of  alumina,  14}  of 
potash,  [described  p.  189,1  and  45^  of  water.  Alum  is  formed  naturally 
on  many  pans  of  the  eann*s  surface,  especially  as  an  efflorescence  on 
certain  soils,  and  on  some  rocks  when  exposed  to  tbo  air,*-as  on  the 
alum  shales  of  the  Yorkshire  coast.  It  is  largely  manufoctured  by  cal- 
cining, and  afterwards  washing  these  alum  smiles. 

Alum  has  not  been  extensively  tried  as  a  manure.  Its  composition, 
however,  would  lead  us  to  expect  it  to  exert  a  beneficial  influence  on  the 
growth  of  many  plants— while  the  price,  especially  of  the  less  pure  va- 
rieties, is  such  as  to  admit  of  its  being  applied  to  the  land  at  a  compara- 
tively small  cost.  From  some  experiments  made  on  a  small  scale, 
Sprenp^l  considers  it  highly  worthy  the  attention  of  the  practical  agri- 
cultunst. 

X.—- SIUCA,  SlUCON,  SlUGATJW  OF  POTASH,  OF  SODA,  OF  LIMJE,  OF 
MAOnJBSlA,  AMD  OF  ALUMIHA. 

1^.  5iZica.— The  chief  ingredient  in  all  sand-stones  and  in  nearly  all 
aands  and  sandy  soils,  is  known  to  chemists  by  the  name  of  silica,  r  lints 
are  nearly  pure  silex  or  silica— common  quanz  rock  is  another  form  oi 
tbo  same  substance— while  the  colourless  and  more  or  ittA  transparent 
▼arieties  of  rock  crystal  and  efaaloedoD^  peasent  it  in  a  state  of  almost 
perfoet  purity.  It  exists  abundantly* in  almost  all  soils,  oonstkutinff 
what  is  called  their  siliaouB  portion,  and  is  foirad  in  the  asfaea  of  all 
pl«iiliwitlwatexooptioQ,batospeci«Uyi&tiMi|Mofl^«;i9^    Silica 


t06  alUCA,  UUC^Mt  mUCATMM  or  potash  AHA  tOOA. 

M  wtihont  coloor,  laste,  or  smell,  and  cannot  be  melted  by  the  strongest 
beat.  As  it  occurs  in  the  mineral  kingdom-^io  tbe  slate  of  flint,  of 
quarts,  or  of  sand— it  is  perfectly  insoluble  in  pure  water,  either  cold  or 
hot,  does  not  dissolve  in  acid  and  very  slowly  in  alkaline  solutions. 
When  mixed  with  potash,  soda,  or  lime,  and  heated  in  a  crucible  to  a 
high  temperature,  it  melts  and  forms  a  glass.  Window  and  plate  glass 
consists  chiefly  of  silica,  lime,  and  soda,  flint  glass  contains  litharge 
[oxide  of  lead]  in  place  of  the  lime.  But  though  the  various  forms  of 
more  or  less  pure  silica,  which  are  met  with  in  the  mineral  kingdom, 
are  absolutely  insoluble  in  water,  yet  it  sometimes  occurs  in  nature,  and 
can  readily  be  prepared  in  a  state  in  which  pure  water,  and  even  acid 
solutions,  will  take  it  up  in  considerable  quantity.  In  this  slate  it  may 
be  obtained  by  reducing  crown-glass  to  a  fine  powder,  and  digesting  it 
in  strong  muriatic  acid,  or  by  melting  quartz  sand  in  a  large  quantity  of 
potash  or  soda,  and  afterwards  treating  the  glass  that  is  formed  with  di- 
luted muriatic  acid. 

Silica  is  one  of  the  most  abundant  substances  in  nature,  and  in  com- 
bination with  potash,  suda,  lime,  magnesia,  and  alumina,  it  forms  a 
large  portion  of  all  the  so-called  crvstalliue  (granitic,  basaldc,  &c.) 
rocks.  The  compounds  of  silica,  with  these  bases,  are  called  silicates* 
By  the  actidn  of  the  air,  and  other  causes,  these  silicates  undergo  decom- 
position, as  glass  does  when  digested  with  muriatic  acid,  and  the  silica 
is  separated  in  the  soluble  state.  Hence  its  presence  in  considerable 
quantity  in  the  waters  of  many  mineral  and  especially  hot  mineral 
springs,  and  in  appreciable  proportion  in  nearly  all  waters  that  rise  from 
any  Smsiderable  depth  beneath  the  surface,  or  have  made  their  way 
through  any  considerable  extent  of  soil. 

In  the  substance  of  living  vegetables  it  exists,  for  the  most  part,  in 
this  state  of  combination— -as  well  as  in  the  form  of  an  extremely  deli- 
cate tissue,  of  which  the  fibres  are  exceedingly  minute,  and  therefore 
expose  a  large  surface  to  the  action  of  any  decomposing  agent,  or  of  any 
liquid  capable  of  dissolving  it.  In  the  compost  heaps  these  silicates 
undergo  decompositii  n,— and  the  more  readily  the  less  they  have  been 

I>reviousl}r  dried,  or  the  greener  they  are, — and  the  silica  of  the  plant  is 
iberated  in  a  soluble  stale.  Whether  or  not,  when  thus  liberated,  it 
will  be  carried,  uncombined,  into  the  roots  of  the  plants  by  the  water 
tliey  absorb,  will  depend  upon  tbe  quantity  of  potash  or  soda  in  the 
compost  or  in  the  soil,  and  upon  other  circumsiaoces  hereafter  to  be 
explained. 

2°.  Silicon  is  known  only  in  the  state  of  a  dark  brown  powder,  which 
has  not  as  yet  been  met  with  in  nature  in  an  elementary  form,  and  is 
prepared  b^  the  chemist  with  considerable  difficulty.  When  heated  in 
the  air,  or  in  oxygen  gas,  it  burns,  combines  with  oxygen,  and  is  con- 
verted into  aiiilica.  Silica,  therefore,  in  its  various  forms,  is  a  compound 
of  silicon  with  oxygen*  It  consists  of  48  per  cent,  of  the  former  and  62 
per  cent,  of  the  latter. 

3^.  Silicates  of  PoUuh  and  iSoc2a.— When  finely  powdered  quaife, 
flint,  or  sand,  is  mixed  with  from  one- half  to  three  tiroes  its  weight  of 
dry  carbtmate  of  potash  or  soda;  and  exposed  to  a  strong  heat  in  a  cruci- 
ble, it  readily  unites  with  the  potash  or  soda,  and  forms  a  glass.  This 
glass  is  a  sibcaU  or  a  mixture  of  two  or  more  stitcotes  ofj^^sh  or  soda. 
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SiUea  oombiiies  with  these  MaUet*  in  ymam  piopanioM.  If  it  be 
melted  with  much  potash,  the  glase  obtained  will  be  readily  soluble  in 
water;  if  with  little,  the  silicate  which  is  formed  will  resist  the  action 
of  water  for  any  length  oT^time.  Window  and  plate-glass  contain 
much  silicate  of  potash  owoda*  A  large  quantity  of  alkali  renders 
these  varieties  of  glass  more  fusible  and  more  easily  worked,  but  at  the 
same  time  makes  them  more  susceptible  of  corrosion  or  tarnish  by  the 
action  of  the  air. 

The  insoluble  silicates  of  potash  and  soda  exist  also  In  many  mineral 
•ubstances.  In  the  felspar  and  mica,  of  which  grauiie  in  a  great  mea- 
sure consists,  they  are  present  in  considerable  quantity.  The  former 
(felspar)  contains  one-third  of  its  weight  of  an  insoluble  silicate  of  potash, 
coosistine  of  nearly  equal  weights  of  potash  and  silica.  In  the  variety 
called  a&ile  or  deaveUmdUe,  silicate  of  soda  alone  is  found,  while  in 
some  other  varieties  a  mixture  of  both  silicates  is  present.  In  mica  from 
12  to  20  per  cent,  of  the  same  silicate  of  potash  occurs,  but  soda  can 
rarely  be  detected  in  this  mineral.  The  trap-rocks  also  (whin,  basalt, 
green-stone),  so  abundant  in  many  paru  of  our  island,  consist  almost 
entirely  of  sUtcates,  Among  these,  however,  the  silicates  of  potash  and 
soda  rarely  exceed  5  or  6  per  cent,  of  the  whole  weight  of  the  rock,  and 
are  often  entirely  absent. 

These  insoluble  silicates  also  exist  in  the  stems  and  leaves  of  nearly 
all  plants.  They  are  abundant  in  the  stems  of  the  grasses*  especially 
in  the  straw  of  the  cultivated  grains,  and  form  a  large  proportion  of  the 
ash  which  is  left  when  these  stems  are  burned  [p.  178.] 

It  is  important  to  the  agriculturist  to  understand  the  relauon  which 
the  carbonic  acid  of  the  atmosphere  bears  to  tliese  alkaline  silicates  which 
occur  in  the  mineral  and  vegetable  kingdom.  Insoluble  as  they  are  in 
water*  they  are  slowly  decomposed  by  the  united  action  of  the  moisture 
and  carbonic  acid  of  the  air,  the  latter  taking  the  potash  or  soda  from  the 
silica,  and  forming  carb(mate$  of  these  bases.  In  consequence  of  this 
decomposition  the  rock  disintegrates  and  crumbles  down,  while  the  so- 
luble carbonate  is  washed  down  by  the  rains  or  mists,  and  is  borne  lo 
the  lower  grounds  to  enrich  the  alluvial  and  other  soils,  or  is  carried  by 
the  rivers  to  the  sea. 

In  some  cases,  as  in  the  softer  felspar  of  some  of  the  Cornish  granites, 
this  decomposition  is  comparatively  rapid,  in  others,  as  in  the  Dartmoor 
and  many  of  the  Scouish  granites,  it  is  exceedingly  slow, — but  in  all 
cases  the  rock  crumbles  to  powder  long  before  the  whole  of  the  silicates 
are  decomposed,  so  that  potash  and  soda  are  always  present  in  greaier 
or  less  qaantity  in  granitic  soils,  and  will  continue  to  be  separated  from 
the  decaying  ^agments  of  rock  for  an  indefiiute  period  of  time. 

But  the  silica  of  the  felspar,  or  mica,  or  zeoliiicf  trap,  when  thus  de- 
prived of  the  potash  w2(h  which  it  was  combined,  is  in  that  peculiar  state, 
in  which,  as  above  described  [p.  206],  it  is  capable  of  being  diBsolved 
in  small  quantity  by  pure  water,  and  more  largely  by  a  solution  of 
carbonate  of  potash  or  soda.     Hence  the  same  rains  or  mists  which  dis^ 


'  PoCMh,  soda,  uid  amnoniA  an  esUed  oflWiet;  Ubm  and  magneala  are  aOaUm  eartht. 

'  • B  m.,  p.  u,  1 — 
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vaitotj,  anrf  to  whieh  nearty  aU  the  alkad  pieeem  In  ttieae  ^la^l^^^wt^n^ 


solve  the  alkmlioe  carboiMtet  so  dowly  ibfmed,t&]M  up  alao  a  poitkxi  of 
the  silica,  and  oooTey  it  in  a  etate  of  solution  to  the  soils  or  to  the  riven. 
Thns,  with  the  exception  of  the  dews  aad  rains  which  fall  directly  fiooi 
the  heavens,  few  of  the  sap|»iies  of  wate^hv  which  plants  are  reuoshed 
and  fed,  ever  reach  their  roots  eotirelyVse  from  siliea«  in  a  form  in 
which  it  can  readily  enter  into  their  roots,  and  be  appropriated  to  their 
aoarishment. 

In  the  farm-yard  and  the  com  post-heap,  where  vegetable  matters  are 
undergoing  decomposition,  the  siJksates  they  contain  undergo  similar  de- 
compositions, and,  by  similar  chemical  changes  their  silica  is  rendered 
soluble,  and  thus  fitted,  when  mixed  with  the  soil,  again  to  minister  to 
the  wants  and  to  aid  the  growth  of  new  races  of  living  ve^tables. 

4^.  SUieatei  e/*  Ltms.-— A  mixtore  of  sand  or  flint  with  quick-lime 
readily  melts  and  forms  a  glassy  silicate  or  a  mixture  of  two  or  more 
silicates  of  lime.  These  silicates  are  also  present  in  large  quantity  in 
window  and  plate-gfaua,  and  in  some  of  the  crysialline*  (granite  and 
trap)  rocks.  In  felspar  and  mica,  which  abound,  as  we  have  seen,  in 
the  alkaline  silicates,  it  is  rare  that  any  lime  can  be  detected.  In  that 
variety  of  granite,  however,  to  which  the  name  of  syenite  is  ||iven  by 
mineralogists,  hornblende  takes  the  place  of  mica,  and  some  varieties  of 
this  hornblende  contain  from  20  to  35  per  cent,  of  silicate  of  lime.  This 
silicate  (containing  38  per  cent,  of  lime)  is  almost  always  present  in  the 
basaltic  and  trap-rocks,  and  sometimes,  as  in  the  augiticf  traps,  in  a 
proportion  much  larger  than  that  in  which  it  exists  in  the  unmixed  hom- 
blende.  To  this  fact  we  shall  have  occasion  to  revert  when  we  come 
to  consider  the  relative  fertility  of  different  soils  and  the  causes  on  which 
the  difference  of  their  several  productive  powers  most  probably  depends. 

Silicates  of  lime  are  also  found  in  the  ash,  and  probablyl  exist  in  the 
living  stem  and  leaves  of  plants. 

Like  the  similar  compounds  of  potash  and  soda,  the  siUcatcs  of  lime 
are  slowly  decomposed  by  the  united  agency  of  the  moisture  and  the 
carbonic  acid  of  the  atmosphere.  Carbonate  of  lime  is  formed,  and 
silica  is  set  at  liberty.  This  carbonate  of  lime  dissolves  in  the  rains  or 
dews  which  deseencl  loaded  with  carbonic  acid,  [see  page  46,]  and  the 
same  waters  take  up  also  a  portion  of  the  soluble  silica  and  diffuse  both 
■abstances  uniformly  through  the  soil  in  which  the  decomposition  takes 
^ace,  or  bear  them  ftom  the  higher  grounds  to  the  rivers  and  plains. 
The  sparine  but  constam  and  long-continued  supply  of  lime  thus  af- 
forded to  soils  which  rest  upon  decayed  nrap,  or  which  are  wholly  made 
np  of  tvMea  rock,  has  a  material  influence  upon  their  well-known  agri- 
cultural capabilities. 

6°.  SUieeUes  of  JWagnefia.-— In  combination  with  magnesia  in  differ- 
ent proportions,  silica  forms  nearly  the  entire  mass  of  those  common 
minerals  known  by  the  tnmes  of  serpentine  afld  talc.  In  hornblende 
also  and  aogite,  silicates  of  magnesia  exist  in  consklerable  quantity. 


*  9o  csBmI  tmniin  Um  ■iaanlsof  tiUeh  ttaej  ooniit  are  f—ewBy  ktuuyatnUJM&i  sMs. 

t  Rocks  of  which  the  minaral  eaUad  migite  forms  a  mora  or  laaa  cooaldanble  pan. 
^  1 1 8aypf«la%,  toeaoaa  If  incoMblnad  aOiea  t>a  preaant  la  iiay  or  aTrmw  alooff  wNh  6ar> 
booata  or  oxalate  of  lime,  the  beat  employed  In  eompletelT  bumlnf  away  the  onanie  matter 
««»  be  a;i«eteiit  lo  caoaa  ibe  lime  and  aUIca  lo  ualieaiKl  foim  a  allicaia  whtoh  witt  afteiw 
warda  ha  AhmI  ia  the  aita,  Iteofh  BOM  pravkMiB^  tilslMl  III  tba  Mtsi. 
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Tfaey  roa$r,  therefore,  be  present  in  greater  or  less  quaatity  io  soUa 
which  are  directly  formed  from  the  decompositioD  of  such  rocks.  LU&e 
the  silicales  of  lime,  however— though  more  slowly  ihan  these — they 
Tv'iW  undergo  gradual  decoinposiiiou  by  the  action  of  tlie  carbonic  acid 
of  the  atmosphere,  and  of  the  acids  produced  in  the  soil  by  vegetation 
and  by  the  decay  of  organic  matter.  The  magnesia,  like  the  lime,  will 
thus  be  gradually  brought  down,  in  a  state  of  solution  (p.  200),  from  the 
higher  grounds,  or  washed  out  of  the  soil,  till  at  length  it  may  wholly 
disappear  from  any  given  spot.* 

6°.  Silicates  of  Alumina.-^S'iVica  combines  with  alumina  also  in  vari- 
ous proportions,  tbrming  silicates,  which  exist  abundantly  in  nature  in 
the  crystalline  rocks,  and  may  also,  like  the  other  silicates,  be  formed 
by  art.  Felspar,  mica,  hornblende,  and  the  augiies,  which  abound  in 
the  trap-rocks,  all  contain  much  alumina  in  combination  with  silica,  and 
we  shall  probably  not  be  very  far  from  the  truth  in  assuming  that  up- 
wards of  one-half  by  weight  of  the  trap-rocks  in  general— as  well  as  of 
the  hornblendes,  micas,  and  felspars,  of  which  so  large  a  part  of  the 
granitic  rocks  is  composed— consists  of  silicales  of  alumina.  The  alu- 
mina itself  in  these  several  minerals  varies  from  XI  to  38  per  cent.,  but 
generally  averages  about  20  per  cent,  of  their  entire  weight. 

These  silicates,  when  they  occur  alone,  unmixed  or  uncombined  with 
other  silicates,  decompose  very  slowly  by  the  action  of  the  atmosphere. 
They  disintegrate,  however,  and  fall  to  powder,  when  the  alkaline  sili- 
cates with  which  they  are  associated  in  felspar,  &:c.,  are  decomposed  and 
removed  by  atmospheric  causes.  In  this  way  the  deposits  of  porcelain 
clay,  so  common  in  Cornwall  and  in  other  countries,  have  been  pro- 
duced from  the  disintegration  of  the  felspalhic  rocks,  and  the  clayey  soils 
which  occur  in  granite  districts  have  not  unfrequently  had  a  similar  origia. 

"When  contained  in  the  soil,  the  silicates  of  alumina  undergo  a  slow 
decomposition  from  the  action  of  the  various  acid  substances  to  which  they 
are  exposed.  A  portion  of  their  alumina  is  dissolved  and  separated  by 
tliese  acids,  and  in  this  soluble  state  is  either  conveyed  to  the  roots  of 
plants  or  is  washed  from  the  soil  by  the  rains — or  by  the  waters  that 
arise  from  beneath. 

The  ash  of  plants  contains  only  a  very  small  proportion  of  alumina, 
yet  even  this  small  quantity  they  cannot  derive  from  the  silicates  of  this 
substance,  since  these  are  all  insoluble  in  water — as  alumina  itself  is. 
They  obtain  it,  therefore,  from  some  of  those  soluble  compounds  of  alu- 
mina of  which  I  have  spoken  as  being  either  occasionally  present  (pp. 
204-5),  or  as  being  naturally  formed  in  the  soil. 


General  remarks  on  these  Silicates.-^OC  all  these  silicates  it  may  be 
remarked  in  general — 

I*'.  That  besides  existing  in  the  minerals  above-mentioned,  and  from 
which  they  are  conveyed  into  the  soil,  they  are  also  slowly  formed  in  (he 

'  I  am  indebted  to  Blr  Charien  Lemon  for  theuiKlTSto  of  a  w»il,  on  part  of  his  own  proper. 
tv,  rettiof  on  aerpenilne,  and  tiearins  only  Erica  vagaau,  whtoh  IlliMtniea  the  atateroenl  in 
the  text  This  soil  conaisu  of  silica  TOi,  alumina  with  a  trace  of  gy  naum  20,  oxide  of  iron  6-2, 
nod  vegecable  manor  38  per  eent.  If  this  soii  has  been  formed  from  the  rock  on  whieh  it 
rests,  the  magnesia  haa  been  whoUj  washed  ouL  Its  consiiiuUon,  however,  points  ratbsr  Io 
a  decayed  feispar  or  slate  rock,  as  die  source  ttom  which  it  has  been  derived. 
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mnl  itself,  when  the  iDgredlents  of  which  they  seTerally  eonaist  are  na- 
turally present  in,  or  are  artificially  added  to,  the  soil.  Hence,  the  ad- 
dittoD  of  potash  or  soda  to  the  land  may  cause  the  production  of  sili- 
cates of  these  alkalies— probably  soluble  silicates — ^whicb  water  will 
be  capable  of  dissolving  and  bearing  to  the  extremities  of  the  roots. 
Hence  also,  in  a  sandy  soil,  the  addition  of  lime  may  sive  rise  to  the 
production  of  insoluble  silicates  of  this  earth, — and  the  beneficial  effect 
of  the  lime  upon  the  land  may  thus  sooner  cease  to  be  observable  than 
in  soils  of  a  different  character,  where  it  is  not  so  liable  to  be  locked  up 
in  an  insoluble  state  of  combination;  and 

2^.  That  with  the  exception  of  those  of  potash  and  soda,  which  con- 
tain much  alkali,  these  silicates  are  all  insoluble  in  water,  and  thus  not 
directly  available  to  the  nutrition  of  plants.  Except  those  of  alumina, 
however,  they  are  all  slowly  decomposed  by  atmospheric  agents,  and 
their  constituent  elements  thus  brought,  to  a  certain  extent,  within  the 
reach  of  plants :  while,  without  exception,  they  are  all  capable  of  de- 
composition in  the  soil  by  the  agency  of  the  acid  substances,  chiefly  or- 
eanic,  which  there  exist,  or  which  are  produced  during  the  growth  and 
decay  of  vegetable  substances.  From  this  latter  source,  the  chief  supply 
of  the  ingredients  contained  in  the  silicates,  is,  in  most  soilSt  derived  by 
Uving  plants. 

To  this  cause  is  attributed  the  surprising  efi*ect  oflen  observed  to  fol- 
low from  the  addition  of  vegetable  matter  to  a  sandy  soil  on  which  a 
previous  additbn  of  lime  had  ceased  to  produce  any  further  beneficial 
effect.  The  organic  acids  formed  by  the  vegetable  matter  during  its  de- 
cay decompose  the  silicates  of  lime  previously  produced,  and  thus  liber- 
ate the  lime  from  its  insoluble  state  of  combination.  But  when  the  sili- 
cates have  been  all  decomposed  by  this  agency,  the  further  addition  of  ve- 
getable matter  erases  necessarily  to  produce  the  same  remarkable  effects. 


I 


XI. — ^THC  OXIDES,  SULPHURET8,  SULPHATES,  AND  CAVBOXTATES  OF  IKON. 

1°.  Oxides  of  Iron.— It  is  well  known  that  when  metallic  iron  is  ex- 
posed to  moist  air,  it  gradually  rusts  and  becomes  covered  with,  or  whol- 
ly changed  into,  a  crumbling  ochrey  mass  of  a  reddish  brown  colour. 
This  powder  is  a  compound  of  iron  aod  oxygen  only,  containing  69^  per 
cent,  of  the  former,  and  301  per  cent,  of  the  latter. 

When  iron  is  heated  in  the  smithes  forge,  and  then  beat  on  the  anvils  a 
scale  flies  off  which  is  of  a  black  colour,  and  when  crushed  gives  a  black 
powder.  This  also  consists  of  iron  and  oxygen  only,  but  the  proponion 
of  oxyeen  is  not  so  great  as  in  the  red  powder  above  described.  In  both 
cases  tne  iron  has  derived  its  oxygen  from  the  atmosphere. 

To  these  compounds  of  iron,  with  oxygen,  the  name  n^  oxides  is  gives. 
There  are  only  two  which  are  of  interest  to  the  agriculturist,  namely, 

COMtlSTIMa  OF 

Iron.  Oxygen.  BymboL  Colour. 
The  first  oxide*  .  .  7723  22-77  Fe  Of  Black 
The  second  oxide      .     69-34     30-66    FegOj      Red. 

*  Thejtnt  to  ftlw  eaDed  the  Drvf-oxlde,  the  Meom<  eiUiwttie  aetqui.  or  men  mmaUulhB 
frtr-oxldeoriron. 
t  Iron  to  repretrated  by  dte  tymbol  Fe,  the  inldal  tettem  or|||,|^^i||9|$^^iem|9iX 
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Bolb  of  these  ex  et  abtrndantly  in  nature,  and  are  present  to  a  greater 
er  less  extbnt  in  all  soils.  The  second  or  j»«r-oxide,  however,  is  by  far 
the  most  abundant  on  the  earth's  snrface,  and  the  reddish  colour  obser- 
Table  in  so  manv  soils  is  principally  due  to  the  presence  of  this  oxide. 

The  first  oxieU  rarely  occurs  in  the  soil  except  in  a  state  of  combina- 
tion with  some  acid  sobstance,— and  so  strong  is  its  tendency  to  combine 
with  more  oxygen,  that  when  exposed  to  the  air,  even  in  a  state  of  com- 
bination, it  rapidly  absorbs  this  element  from  the  atmosphere  and 
changes  into  per-oxide.  This  change  is  observable  in  all  chalybeate 
springs,  in  which,  as  they  rise  to  the  surface,  the  iron  is  generally  held 
in  solotion  in  the  state  of  the  first  oxide.  '  Afler  a  brief  exposure  to  the 
air,  more  oxygen  is  absorbed,  and  a  reddish  pellicle  is  formed  on  the 
surface,  which  gradually  falls  and  coats  the  channel  along  which  the 
water  runs,  with  a  reddish  sediment  of  insoluble  per-oxide. 

Both  oxides  are  insoluble  in  pure  water,  and  both  dissolve  in  water 
containing  acids  in  solution.  The  first  oxide,  however,  dissolves  in 
much  greater  quantity  in  the  same  weight  of  acid,  and  it  is  the  com- 
pounds of  this  oxide  which  are  usually  present  in  the  scnl,  and  which,  in 
boggy  lands,  prove  so  injurious  to  vegetation.* 

Trie  second  oxide  possesses  two  properties  which,  in  connection  with 
practical  agriculture,  are  not  void  of  some  decree  of  importance. 

1°.  In  a  soil  which  contains  much  vegetable  matter  in  a  state  of  de- 
cay, the  per-oxide  is  frequently  deprived  of  one- third  of  its  oxygen  by 
the  carbonaceous  matter, f  and  is  thus  converted  into  the  first  oxide 
which  readily  dissolves  in  any  of  the  acid  substances  with  which  h  may 
be  in  contact*  In  this  state  of  combination  it  is  more  or  less  soluble  in 
water,  and  in  some  localities  may  be  brought  to  the  toots  of  plants  in 
aoch  quantity  as  to  prove  injurious  to  their  growth. 

29,  The  red  oxide  of  iron  is  said,  like  alumina  (p.  197),  to  have  the 
property  of  absorbing  ammonia,  and  probably  other  gaseous  substances 
and  vapours,  from  the  atmosphere  and  from  the  soil.  In  that  which 
occurs  in  nature,  either  in  the  soil  or  near  the  surface  of  mineral  veins, 
traces  of  ammonia  can  generally  be  detected.  Since  then  ammonia  is 
00  beneficial — according  to  some  so  indispensably  necessary^o  vegeta- 
tion, the  property  which  the  per-oxide  of  iron  possesses  of  retaining  this 
ammonia  when  it  would  otherwise  escape  from  the  soil,  or  of  absorbing 
h  from  the  athiosphere,  and  thus  bringing  it  within  the  reach  of  plants, 
must  also  be  indirectly  favourable  to  vegetation-^where  the  soil  contains 
it  in  any  considerable  quantity. 

An  important  practical  precept  is  also  to  be  drawn  from  these  two  pro- 
penies  of  this  oxide.  A  red  irony  soil,  to  which  manure  is  added, 
should  be  frequently  turned  over,  and  should  be  kept  loose  and  pervious 
to  the  air,  in  order  that  the  formation  of  prot-oxide  (first  oxide)  may  be 

*  *-  That  Uyer  of  totl  (ttjt  apranffd),  to  alwurt  ecpMUly  lich  In  Iron,  orer  which  tb«  hMl 
of  the  ploqgh  glides  io  pTvimriag  Uie  land.  Td«  fncUon  nfUie  aoll  cootliiiMUjr  rata  off  pur* 
lldM  of  Iron,  which  abeorb  oxygen  and  change  Into  ihe  Jint  oxide.  Hence  Uila  part  otthe 
•oil  to  dwajs  darker  in  colnor  than  Uie  reat ;  hence  also  the  reaaon  why  the  aoli  after  deep 
pioq^ilaf,  remains  nnprodactlve  someclmes  for  aoTeral  year8."^Oke«He,  L,  p.  4SB.  While 
w»  adaitt  thai  Um  presence  of  the  first  oxide  of  Iron  In  the  sabsoll  aflfrcts  Its  fertlUtr.  when 
kroogbt  to  the  sunaee,  we  nav  doubl  whether  much  of  that  Iron  can  have  been  derived 
fiiMa  llM  tear  and  wear  of  the  plough. 

t  The  eartmn  of  Uie  vegetable  matter  eomtdnea  with  the  oxygen  of  the  oxide  to  form  ctv* 
tearfc  ocU.— «ee  d.  63. 
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prevented  as  much  ae  poeeible ;  and  it  may  ocoaeionally  be 
fallowed  with  advantage,  in  order  aleo  that  ihe  per-oude  may  absorb 
from  the  air  thoae  volatile  sulMtances  which  are  likely  to  prove  benefi- 
cial to  the  growth  of  the  future  crops. 

2°.  Sulphurets  q/*Jr(m.— Iron  occurs  in  nature  combined  with  sulphur 
in  two  pn>|x>rtions,  forming  a  sulphuret  and  a  bi-sulphuret.  These 
consist  respectively— 

Iron.  Sulphur.       SrmboL 

The  sulphuret  .     .     .     62-77         37-23         Fe  S 
The  bi-sulphuret  of    .     45-74         64-26         Fe  S, 
and  are  both  tasteless  and  insoluble  in  water. 

1°.  The  first  of  these,  the  sulphuret  (Fe  S),  occurs  occasionally  in 
boggy  and  marshy  soils,  in  which  salts  of  iron  exist,  or  into  which  they 
are  carried  bv  rains  or  springs.  It  is  not  itself  directly  injurious  to  vege- 
tation, but  when  exposed  to  the  air  it  absorbs  oxygen  and  forms  sulphale 
of  iron,  which,  when  present  in  sufficient  quantitv,  is  eminently  so.* 

2°.  The  bi-stdphuret,  or  common  iron  pyrites  (Fe  Sj),  is  exceedingly 
abundant  in  nature.  It  occurs  in  nearly  all  rocky  formations— and  in 
most  soib.  It  abounds  in  coal,  and  is  the  source  of  the  sulphurous  smell 
which  many  varieties  emit  while  burning.  It  generally  presents  itself 
in  masses  of  a  yellow  colour  and  metallic  lustre,  more  or  less  perfectly 
crystallized  in  cubical  forms,  so  brittle  and  hard  as  to  strike  ore  with 
steel,  and  of  a  specific  cravity  four  and  a  half  times  greater  than  that  of 
water  (Sp.  gr.  4,  5).  When  healed  in  close  vessels  it  parts  with  nearly 
one-half  of  its  sulphur,  and  hence  is  often  distilled  for  the  sulphur  it 
yields. 

In  the  air  it  absorbs  oxygen,  in  some  cases — as  in  the  waste  coal 
heaps — with  such  rapidity  as  to  heat,  take  lire,  and  burn.  By  this  ab- 
sorption of  oxygen  (oxidation),  sulphuric  acid  and  sulphate  of  iron  are 
produced.  In  the  alum  shales  the  iron  pyrites  abounds,  and  these  are 
often  burned  for  the  purpose  of  convening  the  sulphur  and  sulphuric 
acid  for  the  subsequent  manufacture  of  alum. 

3^.  Sulphates  of  Iron. — Of  the  sulphates  of  iron  which  are  known, 
there  is  only  one — the  common  green  vitriol  of  the  shops-^that  occurs  in 
the  soil  in  any  considerable  quantity.  There  are  few  soils,  perhaps,  in 
which  its  presence  may  not  be  detected,  though  it  is  in  bogs  and  marshy 
places  that  it  is  most  generally  and  most  abundantly  met  with.  It  is 
often  exceedingly  injurious  to  vegetation  in  such  localities,  but  it  is  de- 
composed by  quirk-lime,  by  chalk,  and  by  all  varieties  of  marl,  and 
thus  its  noxious  effects  may  in  general  be  entirely  prevented.  To  soils 
which  abound  in  lime,  it  may  even  be  applied  with  a  beneficiaJ  effect. 

When  a  solution  of  this  salt  is  exposed  to  the  air  it  speedily  becomes 
covered  with  a  pellicle  of  a  yellow  ochrey  colour,  which  afterwards  falls 
as  a  yellow^  sediment.  This  sediment  consists  of  p«r-oxide  of  iron,  con- 
taining a  little  sulphuric  acid  ;  but  by  the  separation  of  this  oxide  the 
sulphuric  acid  is  left  in  excess  in  the  solution,  which  becomes  sour,  and 

'  Yet  in  siiiAll  qiianUtj  it  may  be  beneflcial.  Thaa  Sprengel  menrioaa  (hat  Ihe  tobaoil  of 
m  moor  near  Hanover,  which  containa  some  of  thia  nulphuret  of  iroo,  producea  aaCoaiahliif 
eiTecis  whan  laid  aa  a  top-dreaaing  on  the  graas  laoda.  The  explanation  of  Ihte  ia,  tlM  ihe 
pyriica  absorb  oxygen  and  ia  converted  into  aulphate,  and  (bua  re-produeea  Uie  reaoArkabie 
effects  obaerved  on  the  addition  ofgypaiUQ}  of  aulphuric  acid,  or  ouulphaie  of  aoda.  to  simi. 
lar  gmta  landa. 

uigmzeu  oy  x_j  vy^/'i  i\^ 
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Still  more  injurious  (o  vegetation  than  before.  In  boggy  places  the 
waters  impregnated  with  iron  are  generally  more  or  less  in  this  acid 
state,  and  lime,  chalk,  and  marl,  with  perfect  drainage,  are  the  only 
available  means  by  which  such  lands  can  be  sweeten^  and  rendered 
fertile. 

When  iron  pyrites  is  exposed  to  the  air  it  slowly  absorbs  oxygen,  and  is 
converted  into  sulphate  of  iron  and  sulphuric  acid  ;  on  the  other  hand,  the 
sour  solution  above  mentioned,  when  placed  in  contact  with  vegetable 
mauer,  where  the  air  is  excluded,  parts  with  its  oxygen  to  the  decaying 
carbonaceous  matter,  and  is  again  convened  into  iron  pyrites.  These 
two  opposite  processes  are  both  continually  in  progress  in  nature,  and 
often  in  the  same  locality,— the  one  on  the  surface^  where  air  is  present ; 
the  other  in  the  subsoil,  where  the  air  is  excluded. 

4*^.  Carbonates  q/* /ron.— When  a  solution  of  the  sulphate  of  iron, 
above  described,  is  mixed  with  one  of  carbonate  of  soda,  a  yellow  powder 
falls,  which  is  carbonate  of  iron.  This  carbonate  is  found  abundantly  in 
nature.  It  is  the  state  in  which  the  iron  exists  in  the  ore  (clay-iron  ore,) 
from  which  this  metal  is  so  largely  extracted  in  our  iron  furnaces,  and 
in  the  similar  ore  often  found  in  the  subsoil  of  boggy  places,  which  is 
distinguished  by  the  name  of  bog-iroo  ore. 

Like  the  carbonate  of  lime,  it  is  insoluble  in  water,  but  dissolves  with 
considerable  readiness  in  water  charged  wUh  carbonic  acid.  In  this 
state  of  solution  it  issues  from  the  earth  in  most  of  our  chalybeate  sprinsa, 
and  it  is  owing  to  the  escape  of  the  excess  of  carbonic  acid  from  the 
water,  when  it  reaches  the  open  air,  that  the  yellow  deposit  of  carbonate 
of  iron  more  or  less  speedily  falls. 

The  carbonate  of  iron,  being  insoluble  in  water,  cannot  b%directly  in- 
jurious to  vegetation.  When  exposed  to  the  air  it  gradually  parts  with 
its  carbonic  acid,  and  is  converted  into  per-oxide  of  iron. 

The  ash  of  nearly  all  plants  contains  a  more  or  less  appreciable  quan- 
tity of  oxide  of  ironi  This  may  have  entered  into  the  roots  either  in  fhe 
state  of  soluble  sulphate  or  of  carbonate  dissolved  in  carbonic  acid,  or  of 
some  other  of  those  numerous  soluble  compounds  of  iron  with  organic 
acids,  which  may  be  expected  to  be  occasionally  present  in  the  soil. 

XII. — manoanssk:  oxides,  chlorides,  carbonates,  and  bulfhates 

OF  MANGANESE. 

1<*.  Manganese  is  a  metal  which,  in  nature,  is  very  frequently  asso- 
ciated wiih^iron  in  its  various  ores.  It  also  resembles  this  metal  in 
many  of  its  properties.  In  the  metallic  state,  liowever,  it  is  not  an  ob- 
ject of  manufacture,  nor  is  it  used  for  any  purpose  in  the  arts. 

2«^.  Oxides  of  Manganese.— yinngnnese  combines  with  oxyien  in 
several  proportions.  The  first  oxide  is  of  a  light  green  colour,  the  se- 
cond and  third  are  black.  The  first  is  not  known  to  occur  in  nature  in 
an  uncombined  state,  the  two  others  exist  abundantly  in  the  common 
ores  of  manganese,  and  are  extensively  diffused,  though  in  small  quan- 
tity, through  neariy  all  soils.  They  are  all  insoluble  in  water,  but  the 
two  former  dissolve  in  acids  and  form  salts.  Traces  of  these  two  oxides 
are  also  to  be  detected  in  the  ash  of  nearly  all  plants. 

3°.  Chloride,  CarbanaU,  and  Sulj^tc  of  Manganesc^U  any  of 
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these  oxides  be  dinolved  in  moriatic  acid  a  aolutioo  of  chloride  of  maa- 

ganese  will  be  obtaiDed. 

If  this  solutioo  of  chloride  of  maDganese  be  mixed  with  one  of  car* 
bonate  of  soda,  a  white  insoluble  powder  will  fall,  which  is  carbonate  of 
maganese. 

If  this  carbonate  be  dissolved  in  diluted  sulphuric  acid,  or  if  any  of 
the  oxides  be  digested  in  this  acid,  a  solution  of  $uf^hate  of  maogaoese 
will  be  formed. 

The  carbonate  of  manganese,  and  its  oxides,  will  also  dissolve,  though 
more  slowly,  in  acetic  acid  (vinesar),  and  in  other  organic  acids  which 
may  be  present  in  the  soil,  and  will  form  with  them  other  soluble 
salts. 

The  compounds  of  manganese  exist  in  plants  in  much  less  quantity 
than  those  of  iron;  but  as  its  oxides,  like  those  of  iron,  are  insoluble  in 
pure  water,  this  metal  most  likely  finds  its  way  into  ihe  state  of  one 
or  other  of  the  soluble  compounds  above  described. 

§  2.  Tabidar  view  of  the  constihUion  of  the  compounds  of  the  iiufrgame 
elemenU  cibove  deseribea. 

Having  in  the  preceding  section  briefly  described  the  several  compounds 
of  (he  inorganie  elements  ofplanlSt  which  either  enter  into  the  constitution 
of  vegetable  substances,  or  are  supposed  to  minister  to  tbeir  growth— it 
may  prove  useful  hereafter,  if  I  exhibit  at  one  view'  the  composition  per 
cent,  of  the  various  oxides,  chlorides,  sulphnrets,  and  oxygen-acid  salts,* 
to  which  I  have  had  occasion  to  direct  your  attention. 

We  shall  have  occasion  to  refer  to  the  numbers  in  the  following  tables 
in  our  subsaqueot  calcolations. 

l'^. — Oxygen  per  cent*  in  the  oxides  ofQu  inorganie  dements* 


Otytea 

per  cent 

Sulphurous  Acid   .     .     .     49*85 

Sulphuric  Acid      .     .     .    59*86 

Phosphoric  Acid   .     .    .    56*04 

Potash 16*95 

Soda 25*58 

Lime 28*09 

Magnesia 38*71 


Ozyfon 
pereeot. 

Alumina 46*70 

Silica 51-96 

Prot-oxide  of  Icon  .  .  22*77 
Per-oxide  oflron  .  .  .  30*66 
Prot-oxide  of  Manganese  82*43 
Sesqui-oxide  do.  •  .  30*25 
Per-oxide  do.  .     •    36*64 


2°.-- GUorifi^  or  Stdphur  per  cent,  in  the  chlorides  and  sulphwrets. 


Chloride  of  Potassium 

Sodium 

'-^  Calcium     . 

■  Magnesium 
First  Chloride  of  Iron 
Second    do.        do. 


Chlortoe 
per  cont 
47*47 
60*34 
63*38 
73*65 
66*62 
66*19 


Sulphuret  of  Potassium 
— — —  Sodium     .     . 

Calcium   .     . 

Iron 


Bi-Sulpburet  of  Iron, 
(Iron  Pyrites)    . 


Sulphur 
percent. 
29*11 
40*88 
44*00 
37*23 

47-08 


'  So  called  becwue  Oieecid  they  contela  has  osjfgtu  for  one  of  tte  eoiuUCiieat& 
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B^'.^Co'npoiitian  pereenU  of  the  SaUne  etmlrinaiums  above  desaibed. 


CariKHiaie  of  Potash 
Bi-carbonate  of  do 
Sulphate  of  do. 
Nitrate  of 
Binoxalate  of 
Bitartrate  of 
Phosphate  of 


do. 

do.  (Salt  of  aorrel) 

do.  (Cream  of  tartar) 

do. 


Bi-phosphate  of  do. 

Carbonate  of  Soda  (dry)    . 

(crystallized) 


Bi-carbonate  of  Soda 

Nitrate  of  do.  •         • 

Sulphate  of        do.  (dry) 

'  do.  (ciystallised) 

Phosphate  of     do. 

Bi- phosphate  of  do. 

Carbonate  of  Lime    . 
Sulphate  of    do.     (Gypsum)     . 
— — — —  (burned) 
Nitrate  of  Lime 
Phosphate  of  Lime  (Apatite)     • 
Bi- phosphate  of  Lime 
£arth  of  Bones 

Carbonate  of  Magnesia 
Bi-carbonate  of    do. 
Sulphate  of         do.  (Epsom  salts) 
Nitrate  of  do. 

Phosphate  of       do. 

Sulphate  of  Alumina 
Phosphate  of    do. 

Silicate  of  Potash  (soluble) 
Bi-silicate  of  do.         (do.) 
Silicate  of  Soda         (do.) 
Bi-silicate  of  do.         (do.) 
Silicate  of  Lime 
■  Magnesia  . 
Alumina    . 


Carbonate  of  Iron 

Sulphate  of    do.  (crystallized) 

Carbonate  of  Manganese   .  • 

Sulphate  of       doi      ^  (crystallized) 


Aeld. 


31-01 
48-38 
46-93 
53-44 
52-64 
70-28 
43-06 
60-20 

41-42 
15*43 
68-58 
63-40 
5618 
24-86 
63-30 
69-54 

43-71 
46-31 
68-47 
65-64 
45-52 
71-48 
48-46 

61-69 
68-16 
32-40 
7«-38 
63-33 

70-07 
67«67 

49-46 
66-19 
59-63 
74-71 
61-85 
69-06 
72-95 

38-63 
3103 

38-97 
33-20 


68-09 
51-62 
64-07 
46-56 
34-29 
24-96 
56-94 
39-60 

68-68 
21-81 
41-42 
36  60 
43-82 
19-38 
46-70 
30-46 

56-29 
32-90 
41-53 
34-46 
54-48 
28-52. 
51-65 

48-31 
31-86 
16-70 
27-62 
36-67 

2»-93 
32-43 

60-64 
3381 
40-37 
26-29 
3615 
30-92 
27-05 

61  37 
27-19 

61-73 
29*64 


Water. 


1307 
4*76 


62-76 


66-77 


20-79 


50-90 


^ 


41-78 


37-gg| 
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^3*  On  the  relative  proportions  of  the  different  inorganic  compouneU 
present  in  the  ash  of  plants. 

Having  thus  made  you  acquaioted  wi(h  the  general  properties  and 
composiiion  of  the  several  compound  substances  of  which  the  ash  of 
plants  consists,  we  now  advance  to  the  consideration  of  the  relative  prO' 
portions  in  which  these  substances  exist  in  the  ash  of  the  different  kinds 
of  plants  usually  cultivated  for  food. 

We  have  seen  (p.  178)  that  different  species  of  plants  leave  very  dif- 
ferent quantities  of  ash  when  burned  ; — (he  ash  left  by  different  species 
contains  also  the  above  earthy  and  saline  substances  in  very  unlike  pro- 
portions. This  fact  has  already  been  stated  generally  (p.  180) ;  we  are 
DOW  to  illustrate  it  more  fully,  and  to  show  tho  important  practical  de- 
ductions to  which  it  leads. 

I.-— OF  THE  ASH   OF  WHEAT. 

According  to  the  analysis  of  Sprengel,  1000  lbs.  of  wheat  leave  11*77 

lbs.,  and  of  wheat  straw  35*18  lbs.  of  ash,  consisting  of-~ 

Grain  of  B(nw  of 

Wheat.  Wheat. 

Potash 2*25  lbs.       0-20  lbs. 

Soda 2-40  0-29 

Lime 0-96  2-40 

Magnesia 0-90  0*32 

Alumina,  wiili  a  trace  of  Iroo  0-26  090 

Silica 4-00  28*70 

Sulphuric  Acid      ....  0  60  0*37 

Phosphoric  Acid    ....  0-40  1-70 

Chlorine 0-10  0-30 

11-77  lbs.     35-18  lbs. 
If  the  produce  of  a  field  be  at  the  rate  |)^  acre  of  25  bMshels  of 
wheat,  each  60  lbs.,  and  if  the  straw*  be  equal  to  twice  the  weight  of 
the  grain,  the  quantity  of  each  reaped  per  acre  will  be 

Grain  .  .  .  1500  lbs.  ?  r   -.  i  mc  u     i   i 

Straw  ...  3000  lbs.  \  ^'"""^  ""  P"^"*'^  ""^^  bushels; 
so  that  the  quantity  of  the  different  inorganic  compounds  carried  oflT/rtwi* 
the  soil  of  each  acre  will  be,  in  the  grain  i  more  than  is  represented  in 
the  second  column,  and  in  the  straw  3  times  as  much  as  is  represented 
in  the  third  column. 

ll.»-OF  THE  ASH  OF  BARLEY. 

A  thousand  pounds  of  the  grain  of  barley  (two-rowed,  hordeum  disti- 
chon,)  leave  23*  lbs.,  and  of  the  ripe  dry  straw  52-42  lbs.  of  ash.  This  ash 
consists  of— 


*  The  proportfoD  of  the  straw  to  the  aeed  io  srain  of  all  kinde  is  very  variable.  In  \ 
t  is  said  to  aversf  e  twice  the  w«i(ht  of  the  graui,  bat  it  is  very  often,  even  In  heavy  < 
( to  Sji  timet  ibit  wefgbL  ' 
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OnlD.  Bbaw. 

Potash 2-78  lbs.  1*80  lbs. 

Soda 2-90  0*48 

Lime 1*06  5*54 

Magnesia 1*80  0*76 

AlamiDa 0*25  1*46 

Oxide  of  Iron.    .    .    .  a  trace.  0*14 

Oxide  of  Manganese    .     —  0*20 

Silica 11*82  38*56 

Sulphuric  Acid  .     .    .     0*59  1*18 

Phosphoric  Acid      .    .    2*10  1-60 

Chlorine 0*19  0-70 

23*49  lbs.      52*42  lbs. 
If  the  produce  of  a  crop  of  barley  amount  to  38  bushels  of  63  lbs.  each 
per  acre,  and  the  straw  exceed  the  grain  in  weight  one-sixth,  the  weight 
of  each  reaped  per  acre  will  be  about 

and  the  inorganic  matters  carried  oflf  from  the  soil  by  each  will  be  ob- 
tained by  multiply iog  those  contained  in  the  second  column  (above)  by 
2,  and  in  the  third  by  2^. 

III.— OF  THE  ASH  OF  OATS. 

In  1000  lbs.  of  the  grain  of  the  oat  are  contained  about  26  lbs.,  and  of 

the  dry  straw  about  57^  lbs.  of  inorganic  matter,  consisting  of-« 

Onin.  Straw. 

Potash 1*50  lbs.        8*70  lbs. 

Soda 1*32  002 

Lime 0*86  1*52 

Magnesia 0-67  0-22 

Alumina 0*14  006 

Oxide  of  Iron.     .     .     .     0-40  0*02 

Oxide  of  Manganese    .     0*00  0*02 

SiUca 19*76  45-88     . 

Sulphuric  Acid   ...     0  35  0-79 

Phosphoric  Acid .     .     .     0*70  0*12 

Chlorine 0*10  0*05 

25*80  lbs.      67*40  lbs. 
If  an  acre  of  land  yield  50  bushels,  each  54  lbs.,  of  oats,  and  two-thirds* 
more  in  weight  of  straw,  there  will  be  reaped  per  acre, 

and  the  weight  of  the  inorganic  matters  carried  off  will  be  equal  to  2i 
times  the  quantities  contained  in  the  second  column,  and  3}  times  those 
contained  in  the  third  column. 

*  or  an  kinds  of  gnin,  the  oat  glvM  Iha  BHMt  mrlable  pMpoftkm  of  flUmw,  that  vrhleh  to 
obiiliMd  at  ona  Una,  and  in  one  locality,  belof  two  or  tttf aa  Umea  graater  Uian  that  raaped 
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IV.— or  VHE  A8H  OF  RTE. 

The  weight  of  ash  contained  in  1000  Ibe.  of  the  grain  of  rye  is  lOi  Iba., 
and  of  the  straw  28  lbs.    This  ash  consis|8  of 

Onln.  Blnw. 

Potash  I  j-.«n  ,1^      5  0-32  Ibe. 

Soda   J ^^^^^   Ion 

Lime 1-22  1-78 

Magnesia 1*78  0*12 

Alumina 0*24  )  ^  oj. 

Oxide  of  Iron.     .     .     .  0*42  J  "  *** 

Oxide  of  Manganese     .  0*34  — 

Silica 1-64  22*97 

Sulphuric  Acid   .     .     .  0*23  1*70 

Phosphoric  Add      .     .  0*46  0-51 

Chlorine 0*09  0*17 


10-40  lbs.      27*93  lbs. 
Rye  is  remarkable  for  the  quantity  of  straw  it  yields,  which  is  often 
from  3  to  4  times  the  weight  of  the  min.    The  return  in  grain  reaches 
about  the  same  average  as  that  of  wheat.    From  an  acre  of  land  yield- 
ing a  crop  of  25  bushels,  each  54  lbs.,  there  would  be  reaped 

Of  erain  1350  lbs. ;  of  straw  4000  lbs. ; 
the  whole  weight  of  inorganic  matters  contained  in  which  is  equal  to  } 
more  than  is  represented  in  the  second  column,  added  to  4  times  the  weights 
contained  in  the  third  column. 

▼.—OF  TBK  ASH  OF  BEASTS,  PEAS,  AND  TETCBES. 

The  ash  of  the  seed  and  straw  of  the  field  bean,  the  field  pea,  and  the 
common  vetch  (vieia  scUiva,)  dried  in  the  air,  contains  in  1000  lbs.  the 
several  inorganic  compounds  in  the  following  proportions : 

riBLD  BSAH.  FXaLD  PSA.  OOMMOir  ^ 


Seed. 

Straw. 

Seed. 

Stnw. 

Seed. 

Stnw. 

Potash    ....    415 

16*56 

810 

2-35 

8-97 

18*10 

Soda 8*16 

0*50 

7*39 

.^ 

6*22 

0*52 

Lime      ....    1*65 

6*24 

0*58 

27*30 

1*60 

19-55 

Magnesia    .    .    •    1*58 

2*09 

1*36 

3-42 

1*42 

3*24 

Alumina      •    .    .    0*34 

010 

0*20 

0*60 

0*22 

015 

Oxide  of  Iron    .    .     — 

0-07 

0*10 

0-20 

009 

0*09 

Oxide  of  Manganese  — 

005 

.^ 

0*07 

0*05 

0-08 

Silica      ....     1-26 

2*20 

4*10 

9-96 

2*00 

4*42 

Sulphuric  Acid      .     0*89 

0*34 

0-63 

3-37 

0-50 

1*22 

Phosphoric  Acid    .    2*92 

2*26 

1*90 

2*40 

1*40 

2*80 

Chlorine      .    .    .    0*41 

0*80 

0*38 

0*04 

0*43 

0*84 

21*36    31*21     24*64     49*71     22*90    51*01 
On  comparing  the  numbers  in  these  columns,  we  cannot  fail  to  remarks— 
1°.  How  much  potash  there  is  in  the  straw  of  the  bean  and  the  vetch. 
2°.  That  while  there  is  only  a  trace  of  soda  in  any  of  the  three  straws, 
there  is  a  considerable  quantity  in  all  the  seeds. 

uigitized  by  Google 


ABU  or  TliS  TUBKIP,  CAJUbOT,  FAMlf  1»»  AHA  FOTATO.  SM 

3^.  How  large  a  proDonioo  of  lime  eaitU  an  the  Hraw  of  the  pea  and 
of  the  yetch— compared  with  that  of  the  hean— and  how  much  larger  the 
proportion  is  in  all  the  straws  than  in  any  of  the  grains— and 

4^.  That  the  quantity  of  silica  in  pea  straw  is  double  of  what  is  con- 
tained in  the  straw  of  the  vetch,  and  4  times  that  of  the  bean  straw. 

The  produce  of  straw  Irom  these  three  varieties  of  pulse  is  very  bulky* 
but  varies  in  weight  from  1  to  1}  tons— or  is  on  an  average  about  2300 
11m.  per  acre.    Toe  produce  of  grain  is  still  more  variable. 

The  bean  gives  from  16  to  40  bosfaeK  of  aboat  63  lbs. 
The  pea        .        .    12  to  84        •«  *•      64  lbs. 

The  vetch     .        .    16  to  40        '*  ««      661bs. 

The  mean  return  from  beans  is  estimated  by  Schwertz  [JnUUung 
Zum  PrakUidien  Aekerhau,  II.,  p.  346,]  at  25  bushels  (1600  lbs.),  from 
peas  at  15  bushels  (1000  lbs.),  and  from  vetches  at  17  bushels  (1100 
Ibs^  per  acre. 

The  quantity  of  the  several  inorganic  matters,  therefinre,  carried  cff 
from  an  acre  in  the  straw  of  these  crops,  will  be  about  2}  times  the 
weights  given  in  the  table— and  in  the  grains,  where  the  crop  is  near 
the  above  average,  1}  times  the  weights  in  the  tables  for  beans  and  for 
peas,  and  for  vetches  very  nearly  the  actual  weights  above  given. 

YI..i.OF  TBS  ASH  OF  THX  TURITIP,  CAIUU>T,-PAa8NIP,  AND  POTATO. 

These  four  roots,  as  they  are  carried  from  the  field,  contain  respective 
ly  in  ten  thousand  pounds- 


Potash 
Soda     .    . 
Lime    •    • 
Magnesia  . 
Alumina    . 
Oxide  of  Iron 
Oude  of  Manganese 
Silica    .    .    • 
SulpharicAcid 
Phosphoric  Acid 
Chkmne    .    • 


iio<^ 

l.ewM. 

Boots. 

T0|M. 

23-86 

32-3 

35-33 

20-79 

40-28 

81-9 

10-48 

22-2 

9-22 

7-02 

23-34 

0-9 

7-52 

62-0 

6-67 

4-68 

3-31 

129-7 

2-54 

5-9 

3-84 

2-70 

3-24 

170 

0-36 

0-3 

0-39 

0-24 

0-50 

0-4 

0-32 

1-7 

0-33 

005 

0*32 

0-2 

-» 

_ 

0-60 

... 

_ 

•M 

3-88 

12-8 

1-37 

1-62 

0-84 

49-4 

8-01 

25-2 

2-70 

1-92 

5-40 

4-2 

3-67 

9-8 

514 

1-00 

4-01 

19-7 

2-39 

8-7 

0-70 

1-78 

1-60 

5-0 

6303  180-9 

6619 

41*80 

82-83  308-4 

These  roots,  as  already  stated  (note,  p.  178),  contam  very  much  water, 
ao  that,  in  a  dry  state,  the  propardon  of  inorganic  matter  present  in  them 
is  very  much  greater  than  is  represented  by  the  above  numbers.  I 
have,  however,  given  the  quantities  contained  in  the  crop  as  it  is  carried 
fiom  the  field,  as  alone  likely  to  be  of  practical  utility. 

The  crops  of  these  several  roots  vary  very  much  in  difierent  localities, 
being  in  some  places  twice  and  even  thrice  as  much  as  in  others— every 
ttoe  tons,  however,  which  are  carried  off  the  mnnd,  contain  about 
twice  the  wei|^t  of  saline  and  earthy  matters  indicated  by  the  numben 
in  the  table. 
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yn.— or  THE  ASH  OF  THK  BWiAmMM  AlTD  CLOTSM. 

The  following  table  might  have  been  much  enlarged.  I  have 
thouffbt  it  neceasaiy,  however,  to  introduce  in  this  place  only  those 
species  of  gtass  and  clover  which  are  in  most  extensive  use.  I  have 
also  calculated  the  weights  given  below,  for  these  plants  in  the  itaU  of 
hay  only,  as  the  succulency  of  the  grasses,— that  is,  the  quantity  of  wa- 
ter contained  in  the  green  crop,— varies  so  much  that  no  correct  esti- 
mate could  be  made  of  tlie  quantity  of  inorganic  matter  present  in  hay 
or  grass,  fiom  a  knowledge  of  its  weight  in  the  green  state  only : 


KyaGnM 

Red 

White* 

'fihy. 

Ctow. 

CloTer. 

Liiceni6w 

Balnfoln. 

Potash    •    •    •    • 

8-81 

19-95 

31-05 

13-40 

20-57 

Soda 

3-94 

5-29 

5-79 

615 

4-37 

Lime      •     •     •     • 

7-34 

27-80 

23-48 

48-31 

21-95 

Magnesia     •     .     . 

0-90 

3-33 

305 

3-48 

2-88 

Alumina      •    •    • 

0-31 

0-14 

1-90 

0-30 

0-66 

Oude  of  Iron    .     . 

.i. 

... 

0-63 

0-30 

.» 

Oxide  of  Manganese 

— 

_ 

... 

.- 

..^ 

Silica      .... 

27-72 

3-61 

14-73 

3-30 

5-00 

Sulphuric  acid  .    • 

3-53 

4-47 

3-53 

4-04 

3-41 

Phosphoric  acid    . 

0-25 

6-67 

5-05 

1307 

9-16 

Chlorine.    .     .    . 

0*06 

3-62 

2-11 

318 

1-57? 

62-86        74-78       91-32       95-53       69-67 

The  above  quantities  are  contained  in  a  thousand  pounds  of  the  dry 
hay  of  each  plant. 

On  comparing  the  numbers  opposite  to  potash,  lime,  magnesia,  alu- 
mina, silica,  and  phosphoric  acid,  we  see  very  striking  differences  in 
the  quantities  of  these  substances  contained  in  equal  weights  of  the 
above  different  kinds  of  hay.  These  differences  lead  to  very  important 
practical  inferences  in  reference,^ 

1°.  To  the  kind  of  soil  in  which  each  will  grow  most  luxuriantly. 

2°.  To  the  artificial  means  by  which  the  growth  of  each  may  be  pro- 
moted—in so  far  as  this  growth  depends  upon  the  supply  of  inorganic 
food  to  the  growing  plant. 

3°.  To  the  feecung  properties  of  each,  and  to  the  kind  of  stock  they 
are  severally  most  fitted  to  nourish. 

To  these  and  other  important  practical  deductions  suggested  by  the 
above  tabulated  analyses— as  well  as  by  those  previously  given— of  the 
inorganic  matters  contained  in  the  several  varieties  of  vegetable  produc- 
tions usually  raised  for  food,  we  shall  hereafter  have  frequent  occasion 
to  revert.  In  the  mean  time,  a  preliminary  inquiry  demands  our  at-* 
tention,  which  we  shall  proceed  to  consider  m  the  following  section. 

§  4.  To  what  extent  do  Ae  crops  moet  usually  cultivated^  exhaust  the  soil 
of  inorganic  vegetable  food  ? 

A  bare  inspection  of  the  tabular  results  exhibited  in  the  preceding 
section  gives  bat  a  faint  idea  of  the  extent  to  which  the  inorganic  ele- 
mentary lyidies  are  necessarily  withdrawn  fiom  the  soil  io  the  ordinary 
oonrse  of  cropping. 
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I.  Lei  us  consider  tbe  effect  upon  the  soil  of  a  still  too  commoD  three 
years'  course  of  cropping— ^oUow,  uiheat^  oaU.*  If  the  produce  of  soch 
a  ooorse  be  25  bosheis  of  wheat  and  50  bushels  of  oats,  there  would  bo 
carried  from  the  soil  every  three  years  in  pounds— 

WKBAT.  OATS. 

, > ,  , . ,  TbttL 

Ondn.       Sinw.  Onln.  •  Sknw. 

Potash      ....    3-3         0-6  3*75  32-7  40*35 

Soda 3-5        0-9  3-3  —  7*7 

Lime 1*5        7-2  S-5  6*7  16-9 

Magnesia.    •    .     .    1'5        1*0  1*7  0*8  5*0 

Oxide  of  Iron     .     .    —         —  1-0  —  1*0 

Silica 6-0      860  50-0  172-0  314-0 

Sulphuric  Acid .     .     0-75       1-0  0-9  3*0  5-65 

Phosphoric  Add    .    0-6        5-0  1-43  0-5  7-53 

398-13 
Tbe  gross  weight  carried  off*  in  these  crops  is  large— ^amounting  to 
about  400  lbs.     ft  will  vary,  however^  with  the  kind  of  wheat  and  oats 
which  are  grown,  and  may  often  be  greater  than  this.— [See  the  follow- 
ing section  (§  5)  of  the  present  Lecture.]     The  greatest  portion  of  the 
matter  carried  off,  however— upwards  of  three-fourths  of  the  whole- 
consists  of  silica ;  the  rest  of  the  materials  are  equal  to 
60  lbs.  of  dry  pearl-ash, 
36  lbs.  of  the  common  soda  of  the  shops, 
28  lbs.  of  bone-dust, 
12  lbs.  of  gypsum, 
5  lbs.  of  qujck-lime, 

5  lbs.  of  magnesia,— Hnr  for  the  last  three  may  be  substi- 
tuted 33  lbs.  of  common  Epsom  salts  and  17  lbs.  of  quick-lime. 

The  form  in  which  the  silica  may  be  restored  to  the  soil  in  a  state  in 
which  the  plant  can  absorb  it,  will  be  considered  hereafter. 

Though  large  as  a  whole,  the  weight  of  each  of  the  ingredients,  taken 
singly,  is  not  great;  and  yet  it  is  not  difficult  to  understand  that  if  a 
constant  drain  be  kept  up  on  the  soil  year  after  year,  and  the  practical 
farming  adopted  is  of  such  a  kind  as  not  to  restore  to  the  soil  a  due  pro- 
portion of  each  of  the  substances  curied  ofi^— the  time  must  come  when, 
under  ordinary  circumstances,  the  soil  will  no  longer  be  able  to  supply 
the  demands  of  a  healthy  and  luxuriant  vecetation. 

II.  Let  us  next  consider  the  effect  of  a  rour-years'  course  system  in 
withdrawing  these  inorganic  substances  from  the  soil.  And  for  this 
purpose  let  us  adopt  one  suited  to  the  lighter  soils— as  to  that  of  Norfolk— 
iumips,  barley f  clover  and  rye  grass,  Meal, 

Let  the  crop  of  turnips  amount  to  25  tons  of  roots  per  acre*  of  barley  to 
38  bushels,  or  clover  and  rye  grass  each  to  one  ton  of  hay,  and  of  wheat 
as  before  to  25  bushels.  Then  we  have  from  the  entire  rotation  in 
pounds  ■■ 

*  Common,  anoof  oCber  coontlaa,  in  Chat  of  Durliam.  11i«ra  an  ciiiw,  taow«r«r,  la 
which  Uite  diTM  yean*  coarae  maj  not  be  todafenslble,  aod  It  neTer  could  be  compared  with 
aome  of  Ui«  ao-ealled  improved  roiatioiia  in  Eaal  Lotblan  in  the  time  of  Lord  Kamea ;  aa  Ibr 
lDaiaaee,/6Jbia,  terjcy,  tUrver,  manure  on  the  eloirar  atobble,  tlieii  uktaL  barltM.  oa«t.~Bae 
anteOM«MmDBnMr(18(^),p.l47. 
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ir.  _    . 

T^mlp   , * .    Eed       Bja  , *• .   TottL 

RooU.    Onin.  Stew.  Cknrw.   Qims.  Gnia.  flmw. 

Potaih 146*6  5-6  4*6  46*0  28-5  3*3  0-6  S33K) 

Soda 64'3  6-8  1-1  12-0  90  36  0-9  96-6 

Lime 46-8  21  12-9  63-0  16-5  1-6  7-2  149'0 

Magnesia.  .  .  .  16-6  3-6  1-8  7-6  2-0  1-6  1*0  32*9 

Alumina  ....  2-2  0-6  3-4  0-3  0-8  0-4  2-7  10-3 

Silica 23*6  23-6  90-0  80  62-0  6-0  86-0  299*2 

Sulphuric  Acid .  490  1-2  2-8  100  80  0-8  1-0  72-8 

Phosphoric  do.  .  22-4  4-2  3-7  160  0*6  0-6  6-0  61*6 

Chlorine    ....  14-6  0-4  1-6  8*0  01  0*2  0-9  26-6 

970*9* 
On  comparing  the  nambers  in  the  last  column  containing  the  total 
quantity  of  matter  abstracted — ^with  those  contained  in  the  three  years* 
rotation  (p.  221),  we  see  how  very  much  larger  an  addition  must  be 
made  to  the  land  every  fbortb  year,  if  we  are  to  restore  to  it  any  thing 
like  an  equivalent  for  the  inorganic  matter  carried  oflT. 

It  wUl  be  especially  observed  that  the  quantity  of  potash,  and  of  soda, 
and  indeed  of  nearly  every  inaredient  except  the  silica,  carried  off  in 
this  course  of  cropping,  is  much  greaiert  even  in  proportion  to  the  time 
it  occupies,  than  in  the  three-year  8hift--4uid  thai  fdne-tewthi  of  die  potr 
ask  and  §oda  toUhdrawnfrom  the  sail  are  contained  in  the  green  crape.  ^ 
To  place  the  relative  effect  of  the  green  and  com  crops  upon  the  soil 
in  a  clearer  light,  I  shall  exhibit  the  several  quantities  of  common  and 
artificial  salts  and  manures  which  it  would  be  necessary  to  add  to  each 
acre  at  the  beginning  of  this  rotation,  in  order  to  supply  the  various  inor- 
game  substances  about  to  be  taken  fiom  Uie  land  in  the  next  four  years* 
cropping.    These  quantities  are  as  foUow,  in  pounds  :— 

Fortho  Fortb« 

ToIbL        Gnen  Cropt.     Coim  Ciopb 

Dry  Pearl-ash 326  316  9 

Crystallized  Carbonate  of  Sodaf  333  290  43 

Common  Salt     .    ....  43  38  6 

Gypsum —  30  — 

Suick-lime 160  100  7 

psomSalU 200  160  60 

Alum 83  27  66 

Bone-dust 210  160  60 

With  the  exception  of  the  silica,  the  substances  above-named,  in  the 
quantities  given,  will  replace  all  the  inorganic  matters  contained  in  the 
whole  crop  reared,  the  turnip  tope  alone  not  included.  A  single  glance 
at  the  second  and  third  columns  shows  bow  much  ereater  a  proportion 
of  all  these  substances  is  necessary  to  return  what  &e  green  crofw  have 
taken  ftom  the  land. 

That  the  fertility  of  the  soil  depends  in  some  considerable  degree  on 

*  this  la  «xelaaive  of  the  tnmlp  tops,  which  I  haTe  omitted,  ftom  not  kncmtag  what  pro- 
poitioa  their  weight  In  the  green  state  generally  bean  to  that  of  the  roots. 

t  Or  for  every  100  Iba.  of  the  common  cartMBtte  of  aoda  may  be  wbetttured  40  lbs.  of 
comnumaaUorOOUw.of  drynltnteofaoda. 
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the  quaDtity  of  the  alkaline  and  other  compounds  present  in  it^  there  can 
be  no  qneation,— since  not  only  do  we  find  extraoidinary  natural  luxuri- 
ance of  vegetation  where  some  of  these  happen  to  be  present  in  the  soil, 
but  we  can  often  greatly  increase  the  apparent  productiveness  of  our 
fields  by  spreading  such  substances  over  them  in  sufficient  quantity. 

How  comes  it,  then,  that  the  green  crops  which  carry  off  all  these 
substances  in  the  greatest  quantity  by  very  much,  should  yet  least  injure 
the  land,*-nay,  should  rather  renew  and  prepare  it  again  for  the  growth 
of  crops  of  corn? 

This  is  one  of  the  most  interesting  practical  questions  which  can  pre- 
sent itself  to  us  in  the  existing  state  of  theoretical  agriculture ;-— but  it 
would  carry  us  away  from  our  more  immediate  object,  were  we  prema- 
turely to  enter  upon  the  discussion  of  jt  in  this  place.  It  will  hereafter 
demand  our  especial  attention,  when  we  shall  have  become  familiar 
with  the  nature  and  origin  of  soils. 

I  may  be  permitted,  however,  to  draw  your  attention  here  for  a  mo- 
ment—as neither  out  of  place,  nor  uninteresting,  for  many  reasons,— to 
an  opinion  expressed  by  Liebig  on  the  question  why  unheal  prefers  stiff 
and  clayey  sails*  "  Again,"  he  says,  "how  does  it  happen  that  wheat 
does  IKK  flourish  in  a  sandy  soil,  and  that  a  calcareous  soil  is  also  un- 
suitable for  its  growth,  unless  it  be  mixed  with  a  considerable  quantity 
of  clav  t     It  is  oecause  these  soils  do  not  contain  alkalies  in  sufficient 

aaantity,  the  groNvth  of  wheat  being  arrested  by  this  circumstance,  even 
iiould  all  other  substances  be  presented  in  abundance."— [Or^onu; 
Chemigtry  applied  to  Agrtculture,  p.  151.1 

Without  dwelling  on  the  fact  that  excellent  crops  of  wheat  are  reaped 
in  some  parts  of  our  island  from  sandy  and  calcareous*  soils— >what  kind 
of  crops,  we  may  ask,  can  be  reared  with  success  on  the  lighter  soils  to 
which  wheat  seems  least  adapted  ?  The  turnip  rejoices  in  light  land, 
and  the  potato  not  unfirequently  attains  the  greatest  perfection  on  a  sandy 
soil.  Yet  ten  tons  of  potato  roots,  or  twenty  of  turnip  bulbs,-— exclu- 
sive of  the  top»*-contain  nearly  ten  times  as  much  of  the  two  alkalies, 
potash  and  soda,  as  fifty  bushels  of  wheat  witli  its  straw  included. f 
What  ground  is  there,  then,  (or  the  explanation  given  by  Liebig— of  the 
peculiar  qualities  of  the  so-called  wheat  lands?  We  inight  with  far 
greater  show  of  reason  assume  the  converse  of  his  proposition,  and  infer 
Uiat  wheat  does  not  prefer  sandy  soils,  because  they  are  too  rich  in  alkali! 
It  is  nngular,  and  would  almost  seem  to  strengthen  this  converse  propo- 
sition, that  beans,  peas,  and  vetches,  which  are  so  often  resorted  to  as  a 
good  preparative  for  wheat,  contain  also  a  much  larger  quantity  of  alkali 
than  the  latter  grain.  Thus  the  grain  and  straw  together  of  twenty-six 
bushels  of  beims  contain  71  lbs.,  of  twenty  bushels  of  peas  26  lbs.,  and 
of  twenty  bushels  of  vetches  74  lbs.  of  potash  and  soda  taken  together. 
As  I  have  already  stated,  however,  we  are  not  yet  prepared  for  dii- 
cossiiig  this  very  carious  and  interesting  question. 

*  On  llM  thin  olMlk  folto  of  the  TorMhir*  WoUb  s  erop  of  wheat  is  taken  evwy  <bar  or 
five  yeen,  jleldlag  an  average  of  94  or  25  boahela.  The  rotation  ia  tnrnlpa,  badey,  clover  or 
beaoa,wheaL 

)  prerlona  paeee,  ten  tone  of  potatoes 
•^         -  ^  boahela  of  wheat  wtth 


t  Aeeordinf  to  the  analTaea  of  Bprengel  given  In  the  prevlona  pagee,  t 
mtainHZ  Ibe.  of  alkaUea,  twenty  tona or tnmlpa  IM Ibe.,  and  Afty  boi 
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^5,  Cf  the  alleged  oonstannf  of  the  incrganic  anutituenti  of  pUmls,  m 
kina  and  quan  iity. 

In  the  preceding  lecture  (ix.,  p.  177),  it  was  stated  that  the  ash  of  the 
same  plant,  if  ripe  and  healthy,  is  nearly  the  saaie  in  kind  and  quality 
in  whatever  circumstances  (if  favourable)  of  soil  and  climate  it  may 
grow.  This  gcjieral  observation,  however,  is  consistent  with  certain 
difTerences  in  the  above  respect,  which  are  not  without  interest  in  their 
bearing  upon  agriculture  both  in  theory  and  practice.     Thus, 

1°.  The  different  parts  of  the  same  plant  contain  quantities  of  inor* 
ganic  mauer,  not  only  different  in  their  gross  weights,  but  unlike  also  in 
the  relative  proportions  of  the  several  substances  of  which  the  entire  ash 
consists.  Both  of  these  points  hare  beeiv previously  illustrated  (pp.  179« 
180),  and  they  are  placed  in  the  clearest  light  by  the  tabulated  analyses 
introduced  into  the  preceding  section. 

2^.  The  quantity  and  relative  proportions  of  the  difTerent  inorgaoic 
substances  also  vary  with  the  season  of  the  year  at  which  the  examina- 
tion is  made.  Thus,  according  to  De  Saussure,  plants  of  the  same  wheat 
which  a  month  before  flowering  left  7*9  per  cent,  of  ash,  left  when  in 
flower  only  5*4,  and  when  ripe  3*3  per  cent.  The  quantity  of  potash 
in  the  potato  leaf  diminishes  very  much  as  the  plant  approaches  to  ma-* 
turity  (Mollerat)— and  the  same  has  been  observed  in  many  saltworts 
and  other  sea-side  plants.  In  the  youn^  plant  of  the  saUola  clamfclia 
there  is  much  potasn  and  no  soda,  but  as  its  age  increases  the  latter  alkali 
appears,  and  gradually  takes  the  place  of  the  former.* 

It  is  probably  true,  therefore,  of  all  plants— that  the  ash  both  in  kind 
and  quantity  is  aflected  by  the  age  at  which  the  plant  has  arrived.  It 
would  appear  that  the  unlike  chemical  changes  which  take  place  in  the 
interior  of  the  plant,  at  the  successive  periods  of  its  growth,  require  the 
presence  of  different  chemical  agents— or  that  the  production  of  new 
parts  demands  the  co-operation  of  new  substances. 

3^.  Similar  differences  are  sometimes  observed  also  when  the  same 
plant  is  grown  in  different  soils.  Thus  it  is  known  that  the  straw  of  the 
oat  grown  upon  boggy  land  is  very  diflerent  in  colour  and  lustre,  from 
that  yielded  by  the  same  variety  of  seed,  when  grown  upon  sound  and 
solid  soU.  I  lately  examined  two  such  portions  of  straw  from  the  same 
seed— grown  on  the  same  farm  on  the  estate  of  Dunglass,  the  one  on 
boggy,  the  other  on  sound  stifl*land,  when  the  straw  from  the 
Sound  land  left  6*64  per  cent,  of  ash,  and  from  the 

'    ^ggy  land  ^^   6*2    per  cent,  of  ash ; 
while  the  siLica  contained  in  the  ash  from  the 

Sound  land  amounted  to  9*42  per  cent.,  and  from  the 

Boggy  land       "         to  1*90  per  cent,  of  the  weight  of  the  straw. 

A  remarkable  difference,  therefore,  existed  in  the  relative  proportionB, 

*  Meyen,  Jahretberieht^  1839,  p.  136.  In  ragund  to  tbeae  Mlt-tovU^pluitfl,  which  nnvnOf 
abooQd  in  soda,  a  curious  olMerration  waa  Ion;  aso  made  by  Cadet  ua  atatea  thatlf  a  plant 
of  common  salt- wort  itakoia  tiU)  be  transplanted  Into  an  inland  district— and  seed  (torn  this 
plant  t»e  afterwards  sown,  the  second  race  of  plants  will  contain  much  potash,  but  scaroelj  a 
trace  of  soda-^Gmelln's  Handbueh  der  G^smie,  II.  p.  14M.  Potash  may  thus  lake  tiM 
place  of  soda  for  a  time,  but  removed  from  Its  natlTe  habitaL  the  plant  would  ia  a  («m  isns> 
rations  dis  out  and  disappear.  *       r  • 


nm  ASH  rftOM  wheat  sraAW  n  tabjabub.  22S 

at  ieaal  of  the  silica,  io  these  two  varieties  of  straw,  and  this  diflereoce 
can  be  attributed  only  to  the  nnlike  nature  of  the  soils  in  which  the  two 
samples  were  grown.  JBut  on  boggy  soils  the  oat  plant  is  unhealthy, 
and  in  general  neither  fills  its  ear,  nor  ripens  a  perfect  seed  ;^he  dif- 
ference in  the  ash  in  this  case,  therefore,  cannot  be  considered  as  entirely 
opposed  to  the  general  proposition,  that  in  a  healthy  state,  plants  at 
the  same  period  of  their  growth  always  yield  nearly  the  same  weight 
of  ash. 

Bat  that  different  experimenters  have  obtained  very  nnlike  quantities 
of  ash,  from  the  most  common  cultivated  plants,  apparently  in  a  state 
of  health,  when  grown  under  different  circumstances  of  soil  and  climate, 
-Hioes  appear  to  contradict  this  general  proposition.  Thus  100  lbs.  of 
ripe  wheat  straw  leave  of  ash 

4*3  lbs.  De  Saussure ; 

4*4  lbs.  Berthier; 

3*5  lbs.  Sprengel ; 
15*5  lbs.  Sir  H.  Davy ; 
while  the  straw  of  one  variety  of  red  wheat  grown  on  a  clay^loam,  at 
Avkley  Heads,  near  Durham,  gave  me  6*6  per  cent.,  and  iLat  of  two 
other  varieties  of  red  wheat,  grown  near  Dalton,  in  Bavensworth  Dale, 
Yorkshire,  a  coantry  abounding  in  limestone— and  on  the  same  field— 
kft  respectively  12*15  and  16*5  per  cent,  of  ash.  The  difference  of  4 
per  cent,  between  these  last  two  results,  shows  that  the  quantity  of  ash 
depends  much  upon  the  variety  of  grain  examined — though  to  what  ex- 
tent all  the  great  differences  obtained,  as  above  shown,  are  to  be  ascribed 
to  this  cause  alone,  it  is  impossible  to  say,  until  numerous  other  experi- 
ments shall  have  been  instituted. 

One  thing,  however,  is  manifest,  that  the  qnantities  of  inorganic  mat- 
ter necessarily  contained  in  a  crop  of  wheat,  given  in  a  previous  pase 
(p.  216)  OD  the  authority  of  Sprengel,  must  he  considered  as  probably 
iar  below  the  mean  proportion,  since  some  varieties  yield,  in  the  form 
of  ash,  about  six  times  as  much  as  is  there  stated. 

Every  one  knows  how  uncertain  general  conclusions  are,^or  expla* 
natioas  of  natural  phenomena,— when  deduced  from  single  observations 
ooly,  and  of  this  truth  tbe  above  results  present  us  with  a  useful  illu^ 
tration.  Thus  Lieblg,  in  his  Organic  Chemistry  applied  to  Agriculture 
p.  152,  to  which  we  have  had  frequent  occasion  to  refer— explains 
why  land  will  refuse  to  grow  wheat,  and  may  yet  produce  good  croos 
of  oats  or  bnrley  in  the  following  manner : — **One  hundred  parts  of  the 
stalks  of  wheat  yield  15*5  parts  of  ashes  (H.  Davy) :  the  same  quantity 
of  the  dry  stalks  of  barley  8*54  (Schrader),  and  one  hundred  parts  of  the 
stalks  of  oats  only  4*42.  The  ashes  of  all  are  of  the  same  composition. 
We  have  in  these  facts  a  clear  proof  of  what  plants  require  for  their 
growth.  Upon  the  same  field  which  will  yield  only  one  harvest  of 
wheat,  two  crops  of  barley  and  three  of  oats  may  be  raised." 

In  this  passage  it  has  been  assumed  that  the  ash  of  wheat  and  other 
straws  is  constant  in  quantity,  that  wheat  straw  always  contains  much 
more  than  that  of  oats  or  barley,  and  that  the  ash  is  in  each  case  of  the 
same  composition  (see  above,  pp.  216  to  217), — all  of  which  premises 
being  incorrect,  the  conclusion  must  (^course  be  rejected. 
But  the  straw  of  barley  and  oats  also,  according  u>  different  authorities, 
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leaves  very  unlike  quantities  of  ash.    Thus,  according  to  Sprengel  and 
Schrader,  100  lbs.  of 

BpreDfeL  8ehn()er. 

Oat  Straw  leave    .    6-74  lbs.        4-42  lbs.  6-6  J. 

Barley  straw    .     .    5*24  lbs.        8-54  lbs. 
We  cannot  help  conceding,  therefore,  generally,  in  recard  to  the  cereid 
grasses,  that  different  varieties,  at  least,  of  the  same  plant,  may  eantam 
inorganic  matter  in  different  proportions. 

But  certain  analyses  which  have  been  made  seem  to  demand  a  ttill 
further  concession.  Thus  De  Saussure  found  that  the  ash  left  by  the 
same  tree  or  shrub— by  the  fir  or  the  juniper  for  example— differed  both 
in  kind  and  in  quantity,  according  as  it  grew  upon  a  granitic  or  calca- 
reous soil.  Berihier  also  fuund  the  ash  of  a  piece  of  Norway  pine  (fir 
nus  abies)  to  difier  very  much  from  that  of  the  wood  of  the  same  pine 
grown  in  France.  From  these  and  a  few  other  observations,  the  con- 
clusion has  been  very  generally  drawn  by  vegetable  physiologists,  that 
the  ash  of  plants  in  general  is  determined  both  in  kind  and  quantity  by 
the  soil  in  v^ieh  they  grow. 

This  is  very  likely  to  be  true  to  a  certain  extent,  as  we  have  seen  in 
the  straw  of  the  bog  oat  above  adverted  to,  but  a  sufficient  number  of 
accurate  comparative  analyses  of  the  ash  of  cultivated  plants*  has  not 
yet  been  published,  to  enable  us  to  determine  the  precise  influence  of  the 
soil  in  all  cases.  It  is  impossible,  however,  that  the  prevailing  charac- 
ter of  the  soil  can  have  more  than  a  general  influence  on  the  character  of 
the  ash  of  any  living  vegetable— «o  long  as  the  plant  retains  a  healthy 
state*  The  experiments  of  De  Saussure  do  not  appear  to  have  been 
made  with  sufficient  carCff  while  the  only  comparative  experiment  of 
Berthier  is  open  to  objections  of  another  kind. 

I  have  said  that  the  quantity  and  kind  of  the  ash  is  likely  to  be  affected 
by  the  character  of  the  soil  to  a  certain  extent.  The  following  considera- 
tions seem  to  embody  nearly  all  the  sources  of  such  variation,  of  which 
we  can  at  present  speak  with  any  degree  of  certainty  :^ 

1°.  Plants  at  different  periods  of  their  growth  require  for  the  produc- 
tion of  their  several  parts,  and  therefore  appropriate  from  the  soil,  difleJ^- 
eut  inorganic  substances  ;t  hence  the  ash  will  vary  with  the  age  of  the 
plant. 

*  Five  samples  of  the  same  variety  or  wheat  (Hanter's  wheat)  grown  on  difl^rent  tolls  in 
the  neighliourhood  of  HaddingtoD,  gave  me  very  Dearly  the  same  proportions  of  ash.  ^lua 
the  sample  grown  on  a 

Percmt, 
1°,  Deep  reddish  clay  loam,  subsoil  gravel,  left    1776 

f^.  Red  clay  on  gravel 1787 

30.  SUIT  cloy  on  retenUve  subsoil 1-903 

4°.  Light  clay  on  rather  retentive  subsoU     .    .    1*917 

fio.  Light  turnip  land 1-8M 

These  remits  approach  very  near  each  other.  Hie  dilftrenees  are  peifiapa  too  ritghtlo 
justify  OS  in  concluding  that  Uie  ash  is  greatest  In  qoaniity  when  the  sobsoU  Is  most  Msih' 

t  The  accuracy  of  De  Saussure's  analvscs  is  rendered  verr  doQbtftil  by  the  fact  that  in 
the  ash  of  all  the  diflbrent  trees  and  shmbs  he  examined,  be  loand  a  laifo  quantity,  In  that 
of  the  juniper  as  much  as  43  per  cent  of  aUmUru^  and  In  that  of  the  pine  from  12  to  16  per 
cent,  while  Berthier,  whose  skill  la  undisputed,  found  no  alumina  in  the  ash  of  any  of  me 
numerous  trees  on  which  his  experiments  were  made. 

}  Thia  fact  indidktes  an  exceedingly  interesting  field  of  chemical  research  in  connection 
with  praciical  agriculture.  What  substance  wlfl  bring  this  or  Uial  seed  into  sariy  Isafl— 
what  will  hasten  iugrowUi  in  middle  life  1— what  wiU  bring  U  to  early  mataitty  1    llMtHfesat 

uigmzeu  uy  x_j  vy\^>''x  i^ 
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2^.  If  the  sabstaooes  Decemury  for  the  perfectk>o  of  ooe  or  more  parts 
of  a  plaot  abound  in  the  soil,  its  chief  developemoDt  will  take  the  direc- 
tioo  of  thoee  parts.  Thus  one  plant  will  run  to  leaf  or  straw,  another  to 
flower  and  seed.  Thus  also  in  the  grain  of  one  crop  of  wheat  more  glu- 
ten is  produced  than  in  that  of  another,  and  as  tnis  gluten  appears  to 
contain  the  phosphates  of  lime  and  magnesia,  as  essential  constituents, 
the  ash  will  necessarily  vary  with  the  gluten  of  the  seed. 

3^.  Some  substances  appear  to  enter  into  the  circulation  of  plants  not 
so  much  as  actual  and  necessary  constituents  of  the  parts  of  the  vegetable, 
as  to  serve  as  media  or  agents  by  which  other  compounds,  both  organic 
and  inorganic,  may  be  conveyed  to  the  plant.  Thus  common  salt  ap- 
pears to  enter  many  plants  for  the  purpose  of  supplying  soda,  its  chlo- 
rine bein^  discharged  by  the  leaf.  Silica  enters  the  plant  chiefly  in  the 
iorm  of  silicate  of  potash  or  soda.  When  it  reaches  its  proper  destina- 
tion— ^the  stalks  of  the  grasses  for  instance— this  silicate  is  decomposed 
chiefly  by  the  carbonic  acid,  which  is  always  present  in  the  pores  of  the 
green  stem,  the  silica  is  deposited  and  the  alkali  proceeds  downwards 
with  the  sap  as  a  soluble  carbonate,  or  in  combination  with  some  other 
organic  acid.  Thus  the  same  portion  of  alkali  may  return  many  times 
into  the  circulation  with  this  or  with  other  materiab  which  the  parts  of 
the  plant  require,  and  every  new  burden  it  depodts  will  necessarily 
cause  a  new  variation  in  the  relative  proportions  of  the  several  inorganic 
constituents  which  are  afterwards  detected  in  the  ash. 

4^.  As  the  water  which  enters  by  the  roots  always  brings  with  it  some 
soluble  substances,  the  quantity  of  these  conveyed  into  the  plant  will  be 
materially  afiected  by  the  amount  of  evaporauon  from  the  leaves;  and 
hence,  after  a  long  drought,  the  leaves  of  the  turnip,  the  potato,  and 
other  plants,  will  yield  a  larger  proportion  of  ash  than  will  be  obtained 
from  them  in  moist  and  rainy  weather. 

5°.  In  the  mineral  kingdom  it  is  found  that  one  substance  may  not 
anfrequently  take  the  place,  and  perform  the  functions,  of  another.  Thus 
potash  and  soda  replace  each  other  in  certain  minerals,  as  do  also  lime 
and  magnesia  and  the  phosphoric  and  arsenic  acids.  It  has  been  sup- 
*  posed  that  a  similar  interchange  may  take  place  in  the  vegetable  king- 
dom—that when  the  plant  cannot  get  potash  it  will  take  soda— that 
when  it  can  get  neither,  it  will  appropriate  lime,— and  so  on.  Such  a 
conjectural  interchange  may  possibly  take  place  in  a  small  degree,  for  a 
limited  time,  and  id  certain  plants,  without  materially  afiecting  their  ap- 
parent heahh — but  it  is  not  by  trusting  to  such  resources  of  nature  that 
a  luxuriant  vegetation  or  plentiful  crops  will  ever  be  reared  by  the  prac- 
tical agriculturist. 

Admitting,  however,  all  these  sources  of  variadon  in  the  kind  and 
qnantity  of  the  ash  obtained  from  different  plants,  the  sound  practical 
conclusions  from  all  we  know  on  the  subject  at  present  seem  to  be— 

1^.  That  certain  inorganic  substances,  in  certain  proportions,  are  ne- 
cessary to  all  plants  usually  cultivated  Sat  food— if  they  are  to  be  reared 
or  mamtained  in  a  keallhy  state. 

■talk  and  the  potato  require  more  potaah  while  to  vapid  growth,  tlila  growth  ma  j  be  eon. 
liooed  and  protooged  by  Uie  preaence  of  ammonia :  while  Ume  la  aald  to  bring  it  aooner  lo 
n6laoe,andtogifeaa  oadterbarreit  How  TahidAe  would' be  the  mnltlpUeation  of  such 
lactsl 
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S^.  That  we  must  aeek  for  these  necesfttry  eubetances  id  the  inorganie 
ocHMtitoente  which  are  preeent  in  the  richeet  crops  of  every  kind— in  the 
produce  of  the  most  fertile  soils** 

3^.  That  where  these  neceasary  substances  are  not  present  in  any 
soil,  we  may  infer  that  it  will  prove  unfit  to  yield  a  luxuriant  crop  of  a 

Stven  kind ;  or,  on  the  other  hand,  where  these  substances  are  not  to  be 
etected  in  the  ash  of  the  plant,  that  the  fault  of  the  crop,  if  any,  may  be 
ascribed  lo  their  partial  or  total  absence  from  the  soil  on  which  it  grew. 

These  conclusions  form  the  basis  of  an  enlightened  and  scientific  prac- 
tical agriculture.  This  basis,  however,  requires  to  be  strengthened  and 
enlarged  by  farther  experimental  investigations. 

*  "  I  bave  examined,"  aaya  Sprengel,  **llie  finest  aeed-coms  from  many  loea]IUe%  and  I 
have  inTariably  found  the  qoantJttea  not  onI\r  of  the  oi^anic  subecancee— auirch,  angar,  Ac- 
bat  alao  of  the  Inoiianle  eomponnds  In  all  tne  celebrated  aeed-eoms,  ao  perfectly  alike,  Ibat 
one  would  hare  tboogbl  Uiej  had  aU  grown  on  one  and  Uie  aame  aofl."— X^Are  vom  IMM^nr, 
p.  4a 
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LECTURE  XI. 

llatim  aad  oilflii  of  toOk.— OifuUe  matter  In  UmmO.— 0«oenl  eomtUnUoo  of  (b«  mrthf 
panof  aiOK>IL->OtenUleatioo  of  •oils  ftm»  their  ehemleal  eoMlifiaeiiU.— Ifeiliod  of  «»• 
pnixtaMie  anelrela  for  (be  pofpoaee  of  cleiiMcaUoii.^-8eBenJ  origin  of  aolte  and  eobaolb. 
— floroelore  of  the  eerth*e  craeL— BtfatUed  and  onatmtlfied  rocks.-<7nunblioc  or  detni* 
dailon  of  roeka.— DlTenllj  of  aoOa  prodiiced.~8operflelal  aeeumalaCkKM.— liboiar  View 
of  the  ehancter  and  airicoUunl  ciffaWUrtea  of  the  aoUa  of  the  diflGrreiit  paita  of  Greai 


Such  are  the  inorganic  compounds  which  minister  to  the  growth  of 

Slants,  and  such  the  proportions  in  which  they  severally  occur  in  the 
vine  vegetable.  Whence  are  these  inorganic  constituents  all  derived  T 
We  have  seen  that  the  atmosphere,  when  pure,  contains  no  inorganic 
matter,  and  that  if  dust,  spray,  or  vapours  occasionally  £oat  in  the  air, 
and  are  carried  by  the  winds  to  great  distances— yet  that  they  are 
only  accidentally  present,  and  cannot  be  regarded  as  a  source  from 
which  the  general  vegetation  of  the  globe  derives  a  constant  supply  of 
those  mineral  substances  which  are  necessary  to  its  heahhy  existence. 

The  soil  on  which  they  grow  is  the  only  natural  source  from  which 
their  inomnic  food  can  be  derived.  We  are  led,  therefore,  as  the  next 
subject  ofour  study,  to  inquire  into  the  nature  and  origin  of  soils.* 

§  1.  Of  the  organie  matter  in  ike  soil. 
Soils  diflfer  much  as  regards  their  immediate  origin,  their  physical 
properties,  their  chemical  constitution,  and  their  agricultural  capabili- 
ties ;  yet  all  soils  which  in  tlieir  exitting  state,  are  capable  of  bearing  a 
profitable  crop,  possess  one  common  character— they  all  contain  organic 
matter  in  a  greater  or  a  less  proportion. 

This  organic  matter  consists  in  part  of  decayed  animal,  but  chiefly  of 
decayed  vegetable  substances,  sometimes  in  brown  or  black  fibrous  por- 
tions, exhibitinff  still,  on  a  careful  examiuation,  something  of  the  origi- 
nal structure  of  the  organized  substances  from  which  they  have  been  de- 
rived—sometimes forming  only  a  fine  brown  powder  intimately  inter- 
mixed with  the  mineral  matters  of  the  soil— sometimes  scarcely  percep* 
tible  in  either  of  those  forms,  and  existinff  only^  in  the  state  of  organic 
componnds  more  or  less  void  of  colour  and  at  times  entirely  soluble  in 
water.  In  soils  which  appear  to  consist  only  of  pure  sand,  or  clay,  or 
chalk,  organic  mauer  in  this  latter  form  may  often  be  detected  in  con- 
siderable quantity. 

The  proportion  of  organic  matter  in  soils  which  are  naturally  produc- 
tive of  any  useful  crops,  varies  from  one-half  to  70  per  cent,  of  their 
whole  weight.  With  less  than  the  former  proportion  they  will  scarcely 
support  veffetation— with  more  than  the  latter,  they  require  much  ad- 
mixture  before  they  can  be  brought  into  profitable  cultivation.    It  is 

OnthsHMeotof  AiiaandthelbUowInc  leelan,  the  reader  wOl  eoMuU  with  advwtigs 
~  Btntteivoik,"  On  M0iialiir«aNdjNtyirl^^«Nlf,"h7lfr.  John  Morton. 
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only  in  boffgy  and  peaty  aoiU  that  the  latter  large  proportion  is  ever 
fouDd-— in  me  hest  soils  the  organic  matter  does  not  average  five  percent.* 
and  rarely  exceeds  ten  or  twelve.  Oats  and  rye  will  grow  upon  land 
containing  only  one  or  one  and  a  half  per  cent.— barley  where  two  or 
three  per  cent,  are  present— but  ^ood  wheat  soils  contain  in  general  from 
4  to  8  per  cent.,  and,  if  veir  stiff  and  clayey,  from  10  to  12  per  cent, 
may  occasionally  be  detected. 

Though,  however,  a  certain  proportion  of  organic  matter  is  always 
found  in  a  soil  distinguished  for  its  fertility,  yet  the  presence  of  such  sub- 
stances is  not  alone  sufficient  to  impart  fertility  to  the  land.  I  do  not 
allude  merely  to  such  as,  like  peaty  soils,  contain  a  very  large  excess  of 
vegetable  matter,  but  to  such  also  as  contain  only  an  average  proportion. 
Thus  of  two  soils  in  the  same  neighbourhood — the  one  contained  4*05 
per  cent,  of  organic  matter,  and  was  very  fruitful— the  other  4*19  per 
cent.,  and  was  almost  barren.  This  fact  is  consistent  with  what  has  been 
stated  in  the  two  preceding  lectures,  in  regard  to  the  influence  exercised 
by  the  dead  inorganic  matter  of  the  soil,  on  the  general  health  and  luxu- 
riance of  vegetation. 

§  2.  General  eonstUiUion  of  the  earthy  part  of  the  soU> 

From  what  is  above  stated,  it  appears  that,  on  a  general  average,  the 
earthy  part  of  the  soil  in  our  climate  does  not  constitute  less  than  96  per 
cent,  of  its  whole  weight,  when  free  from  water.  This  earthy  part  con- 
sists principally  of  three  ingredients: — 

1°.  OC  Silica,  siliceous  sand,  or  siliceous  gravel— of  various  degrees 
of  fineness,  from  that  of  an  impalpable  powder  as  it  occurs  in  clay  soils, 
to  the  larse  and  more  or  less  rounded  sandstones  of  the  gravel  beds. 

2°,  Aiumina — ^generally  in  the  form  of  clay,  but  occasionally  occur- 
ring in  shaly  or  slaty  masses  more  or  less  hard,  intermingled  with  the 
soil. 

3°.  Lime,  or  carbonate  of  lime — in  the  form  of  chalk,  or  of  fragments 
more  or  less  large  of  the  various  limestones  that  are  met  with  near  the 
surface  in  different  countries.  Where  cultivation  prevails  it  often  hap- 
pens that  all  the  lime  which  the  soil  contains  has  been  added  to  it  for 
agricultural  purposes— in  the  form  of  quick-lime,  of  chalk,  of  shell-sand, 
or  of  one  or  other  of  the  numerous  varieties  of  marl  which  different  dis- 
tricts are  known  to  produce. 

It  is  rare  that  a  superficial  covering  is  anywhere  met  with  on  the 
surface  of  the  earth,  which  consists  solely  of  any  one  of  these  three  sub- 
stances—a soil,  however,  is  called  sandy  in  which  the  siliceous  sand 
greatly  predominates,  and  calcareous,  where,  as  in  some  of  our  chalk 
and  limestone  districts,  carbonate  of  lime  is  present  in  considerable  abun- 
dance. When  alumina  forms  a  large  proportion  of  the  soil,  it  constitutes 
a  clay  of  greater  or  less  tenacity. 

The  term  clay,  however,  or  fntre  clay,  is  never  used  by  writers  on 
agriculture  to  denote  a  soil  consisting  of  alumina  only,  for  none  such  ever 
occurs  in  nature.  The  pure  porcelain  days  are  the  richest  in  alumina, 
but  even  when  free  from  water  they  contain  only  from  42  to  48  per  cent, 
of  this  earth,  with  from  52  to  58  of  silica.  These  occur,  however,  only 
in  isolated  patches,  and  never  alone  form  the  soil  of  any  considerable 
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district.    The  fltioBgest  clay  soils  which  are  anywhere  io  coUivation 
rarely  contain  more  than  35  per  cent,  of  alumina.* 

Soils  in  general  consist  in  ffreat  part  of  the  three  suhstanccs  above 
named  io  a  state  o£mechanic(U  mixture.  Thir  is  always  the  case  with 
the  siliceous  sand  and  with  the  carbonate  of  lime— but  in  the  clays  the 
eilica  and  the  alumina  are,  ior  the  most  part*  in  a  state  of  chemical  cam- 
binaUon.  Thus,  if  a  portion  of  a  stiflT  clay  sou  be  kneaded  or  boiled 
with  repeated  portions  of  water  till  its  coherence  is  entirely  destroy e4t 
and  if  the  water,  with  the  fiiper  parts  which  float  in  it,  be  then  poured 
into  a  second  vessel,  the  whole  of  the  soil  will  be  separated  into  two  por- 
tions— a  fine  impalpable  powder  consisting  chiefly  of  clay,  poured  off 
with  the  water,  and  a  quantity  of  siliceous  or  other  sand  in  particles  of 
various  sizes,  which  will  remain  in  the  first  vessel.  This  sand  was 
only  mechanically  mixed  with  the  soil.  The  fine  clay  retains  still  some 
mechanical  admixtures,  but  consists  chiefly  of  silica  and  alumina  chem- 
ically combined. 

Of  the  porcelain  clays  above  alluded  to,  there  are  several  varieties, 
three  of  which,  containing  the  largest  proportion  of  alumina,  consist  res- 
pectively of— 

I.  II.  III. 

Silica  .  .  47-03  46-92  460 
Alumina  .  39*23  34.61  40-2 
Water   .     .     13-74        18-27         13-8 


100*00       100-00      100*0f 
But,  as  already  stated,  these  clays  rarely  form  a  soil— the  stifiest 
clays  treated  by  the  agriculturist  containing  a  further  portion  of  silica, 
some  of  which  is  mechanically  mixed,  and  can  be  partially  separated  by 
mechanical  means. 

The  strongest  agricnitnral  clays  {pipe-days^  of  which  trustworthy 
analyses  have  yet  been  poblished,  consist,  in  tne  dry  state,  of  56  to  62 
of  silica,  from  36  to  40  of  alumina,  3  or  4  of  oxide  of  iron,  and  a  trace  of 
lime.  Clays  of  this  composition  are  distinffuisbed  by  the  foreign  agri- 
cultural writers  as  pure  clays.  They  are  all  probably  made  up  of  some 
of  the  varieties  of  porcelain  clay,  more  or  less  intimately  mixed  with 
siliceous  and  ochrey  particles— in  so  minute  a  state  of  division  that  they 
cannot  be  separated  by  the  method  of  decantation  above  described.* 

These  clays  are  adopted  by  the  German  and  French  writers  as  a 
standard  to  which  they  can  liken  clay  soils  in  general,  and  by  compari- 
son with  which  they  are  enabled  distinctly  to  classify  and  name  them. 
As  the  use  of  the  term  clay  in  this  sense  has  been  introduced  into  Eng- 

*  In  an  intereating  iNiper  on  «alwon  ploughinir  by  Mr.  H.  8.  Thompfon,  tai  the  report  of 
(he  Torkabtre  Acricuitnral  Society  for  18^.  p.  47,  it  ie  etatod  that  the  lias  claya,  which  form 
the  aobaoil  incaitain  paztaof  Torkahire,  contain  ■ometimea,  in  the  dry  aUUe^  at  muek  at  M 
ptt  otttt.  (gcttunina  (j} 

t  When  heated  to  redneaa  the  whole  of  the  water  la  driven  off  Atom  theae  daya,  and  thej 
then  oondaC  reapectirely  of—  _ 

Alumina 46-5  42-6  46-6 

10(H)         10(H>         100-0 

whteh  mnabenarati  accordance  with  thoae  gtven  at  the  fbotof  (he  precediag  pege. 
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lish  agricolninl  books,*  and  a*  it  is  really  desirable  to  possess  a  word  to 
which  the  aboye  meaning  can  be  attached,  I  shall  venture  in  future  to 
einpioy  it  always  strictly  io  this  agrieuUural  §etue. 

By  alumina,  then,  I  shall  in  all  cases  express  the  pure  earth  of  alum, 
which  exists  in  clajrs,  and  to  which  they  owe  their  tenacity — ^by  ciJkT,  a 
finely  divided  ekemikal  commmnd,  eoneuting  very  nearly  of  60  oj^  iilica 
and  40  of  alumina^  witk  a  Rttle  ojcide  ofiran^  and  from  ukuh  no  siUeeoue 
er  scmdy  nuttier  can  he  eeparaUd  medumieaUy  or  by  deeaniation. 

Of  this  clay  the  earthy  part  of  all  known  soils  is  made  up  by  mere 
mechanical  admixtore  with  the  other  earthy  constituents  (sand  and 
lime),  in  variable  proportions*  On  a  knowledge  of  these  proportions  the 
following  general  classificatioD  and  nomenclature  are  founded. 

§3.  Cf  the  daesyieatkn  of  eoiUJrom  Ihetr  chemical  conet^^ 

Upon  the  principles  above  described  soils  may  be  classified  as  fol« 
lows : — 

1°.  Pure  clay  (pipe-clay]  consisting  of  about  60  of  silica  and  40  of 
alumina  and  oxide  of  iron,  for  the  most  part  chemically  combined.  It 
allows  no  siliceous  sand  to  subside  when  diffused  through  water,  and 
rarely  forms  any  extent  of  soil. 

2°.  Strongest  clay  soil  (tile-clay,  unctuous  clay)  consists  of  pure  clay 
mixed  with  5  to  15  per  cent,  of  a  uliceous  sand,  which  can  be  separated 
from  it  by  boiling  and  decanlation. 

3°.  clay  ham  diffen  from  a  clay  soil,  in  allowing  from  16  to  30  per 
cent,  of  fine  sand  lo  be  separated  from  it  by  washing,  as  above  described. 
By  this  admixture  of  sand,  its  parts  are  mechanically  separated,  and 
hence  its  freer  and  more  friable  nature. 

4°.  A  loamy  eoil  deposite  from  30  to  60  per  cent,  of  sand  by  mechani- 
cal washing. 

5°.  A  sandy  loam  leaves  from  60  to  90  per  cent,  of  sand,  and 

6^.  A  santMf  soil  contains  no  more  than  10  per  cent,  of  pure  clay. 

The  mode  of  examining  with  the  view  of  naming  soils,  as  above,  is 
very  simple.  It  is  only  necessary  to  spread  a  weighed  quantity  of  the 
soil  in  a  thin  layer  upon  writing  paper,  and  to  dry  it  for  an  hour  or  two  in 
an  oven  or  upon  a  hot  plate,  the  lieat  of  which  is  not  sufficient  to  dis- 
colour the  paper^>tbe  loss  of  weight  gives  the  water  it  contained.  While 
thi»  is  drying,  a  second  weighed  portion  may  be  boiled  or  otherwise 
thoroughly  incorporated  with  water,  and  the  whole  then  poured  into  a 
▼essel,  in  which  the  heavy  sandy  parts  are  allowed  to  subside  until  the 
fine  clay  is  beginning  to  settle  also.  This  point  must  be  carefully 
watched,  the  liquid  then  poured  oflT,  the  sand  collected,  dried  as  befi>re 
upon  paper,  and  afain  weighed.  This  weight  is  the  quantity  of  sand 
in  the  known  weight  o(  moist  soil,  which  by  the  previous  experiment  has 
been  found  to  odntain  a  certain  quantity  of  water. 

Thus,  suppose  two  portions,  each  200  grs.,  are  weighed,  and  the  one 
in  the  oveo  losee  60  gra.  of  water,  and  the  other  leaves  60  m.  of  sand, 
—then,  the  200  grs.  of  m^t  are  equal  to  160  ofdry^  and  this  150  of  dry 

iraere  cUMtiflMtions  of  ■oUi  tM  siven  oUefly  from  Vod  Thaor,  Uioitth  neitber  work  ex- 
DiDits  witb  fliAetaQt  nrnilannro  taa  m«ntaMi  to  bo  atlMhed  lo  agrieMumattkm.  am  dtadB* 

uigmzeuoy  Google 
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soil  contain  60  of  sand,  or  40  ip  100  (40  per  cent.)  It  would*  therefore, 
be  properly  called  a  loam,  or  loamy  scil. 

But  the  above  classification  has  reference  only  to  the  clay  and  sand, 
while  we  know  that  lime  is  an  important  constituent  of  soils,  of  which 
they  are  seldom  entirely  destitute.     We  have,  therefore, 

7°.  Marly  soils,  in  which  the  proportion  of  lime  is  more  than  5  but 
does  not  exceed  20  per  cent,  of  tlie  whole  weight  of  the  dry  soil.  The 
marl  is  a  sandy,  loamy,  or  clay  marl,  according  as  the  proportion  of 
clay  it  contains  would  place  it  under  the  one  or  other  denomination,  sup- 
posing it  to  be  entirely  free  from  lime,  or  not  to  contain  more  than  5  per 
cent.,  and 

6^.  Calcareous  soUs,  in  which  the  lime  exceeding 20  per  cent,  becomes 
the  distinguishing  constituent.  These  are  also  oalcareous  clays,  calca- 
reous loams,  or  calcareous  sands,  according  to  the  proportion  of  clay  and 
sand  which  are  present. in  them. 

The  determination  of  the  lime  also,  when  it  exceeds  5  per  cent.,  is 
attended  with  no  difficulty. 

To  100  grs.  of  tlie  dry  soil  difiused  through  half  a  pint  of  cold  water, 
and  half  a  wine-glass  full  of  muriatic  acid  (the  spiritof  saltof  the  shops), 
stir  it  occasionally  during  the  day,  and  let  it  stand  over-night  to  settle. 
Pour  off  the  clear  liquor  in  the  morning  and  fill  up  the  vessel  with  water, 
10  wash  away  the  excess  of  acid.  When  the  water  is  again  clear,  pour 
it  off,  dry  the  soil  and  weigh  it — the  loss  will  amount  generally  to  about 
one  per  cent,  more  than  the  quantity  of  lime  present.  The  result  will 
be  sufficiently  near,  however,  for  the  purposes  of  classification.  If  the 
loss  exceed  5  grs.  from  100  of  the  dry  soil,  it  may  be  classed  among  the 
marls,  if  more  than  20  grs.  among  the  calcareous  soils. 

Lastly,  vegetable  matter  is  sometimes  the  characteristic  of  a  soil, 
which  ^ves  nse  to  a  further  division  of 

9^.  regtUible  moulds ^  which  are  of  various  kinds,  from  the  garden 
mould,  which  contains  from  5  to  10  per  cent.,  to  the  peaty  soil,  in  which 
the  organic  matter  may  amount  to  60  or  70.  These  soils  also  are  clayey, 
loamy,  or  sandy,  according  to  the  predominant  character  of  the  earthy 
admixtures. 

The  method  of  determining  the  amount  of  vegetable  matter  for  the 
purposes  of  classification,  is  to  dry  the  soil  well  in  an  oven,  and  weigh 
U;  then  to  heat  it  to  dull  redness  over  a  lamp  or  a  bright  fire  till  the 
combustible  matter  is  burned  away.  The  loss  on  again  weighing  is  the 
quantity  of  organic  matter. 

Summary.^^The  several  steps,  therefore,  to  be  taken  in  examining  a 
soil  with  the  view  of  so  far  determining  its  constitution  as  to  be  able  pre- 
cisely to  name  and  classify  it,  will  be  best  taken  in  the  following  order  :— 

1^.  Weigh  100  grains  of  the  soil,  spread  them  in  a  thin  layer  upon 
white  ^a per,  and  place  them  for  some  hours  in  an  oven  or  other  hot 
place,  the  heat  of  which  may  be  raised  till  it  only  does  not  discolour  the 
paper.     The  loss  is  water. 

2^.  Let  it  now  (afler  drying  and  weighing)  be  burned  over  the  fire  as 
above  described.  The  second  loss  is  organic,  chiefly  vegetable  matter, 
with  a  little  water,  which  still  remained  in  the  soil  afler  drying. 

3^.  Afler  being  thus  burned,  let  it  be  put  into  half  a  pint  of  water 
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with  half  a  wine-glafis  full  of  spirit  of  salt,  and  frequently  stirred. 
When  minute  bubbles  of  air  cease  to  rise  from  the  soil  on  settling,  tfaia 
process  may  be  considered  as  at  an  end.  The  loss  by  this  treatment 
will  be  a  little  more  than  the  true  per  centage  of  lime,*  and  it  will  gen- 
erally be  nearer  the  truth  if  that  portion  of  soil  be  employed  which  has 
been  previously  heated  to  redness. 

4^.  A  fresh  portion  of  the  soil,  perhaps  200  grs.  in  its  moist  state,  ma^ 
now  be  taken  and  washed  to  determine  the  quantity  of  siliceous  sand  it 
contains.  If  the  residual  sand  be  supposed  to  contam  calcareous  matter 
its  amount  may  readily  be  determined  by  treating  the  dried  sand  with 
diluted  muriatic  acid,  m  the  same  way  as  when  determining  the  whole 
amount  of  lime  (3^.)  contained  in  the  unwashed  soil.f 

Let  me  illustrate  this  by  an  example. 

ExampU,-^A\oDg  the  outcrop  of  some  of  the  upper  beds  of  the  green 
sand  in  Berkshire,  Wihshire,  and  Hampshire,  and  probably  also  in 
Buckingham  and  Bedford,  occur  patches  of  a  loose  friable  grey  soil 
mixed  with  occasional  fragments  of  flint,  which  is  noted  for  producing 
excellent  crops  of  wheat  every  other  year.  It  is  known  in  the  valley  of 
Kingsclere,  at  Wantage,  and  Newbury.  I  select  a  portion  of  this  soil 
from  the  latter  locality  for  my  present  illustration. 

1^.  After  being  dried  in  the  air,  and  by  keeping  some  time  in  paper,  it 
was  exposed  for  some  hours  to  a  temperature  sufficient  to  give  the  white 
paper  below  it  a  scarcely  perceptible  tinge :  by  this  process  104^  grs. 
lost  4  ffrs. 

2°.  When  thus  dried,  it  was  heated  to  dull  redness.  It  first  black- 
ened, and  then  gradually  assumed  a  pale  brick  colour,  the  change,  of 
course,  beginning  at  the  edges.    The  loss  by  this  process  was  4|  ers. 

3^.  After  thb  neatinff,  it  was  |>aC  into  half  a  pint  of  pure  ram  water 
with  half  a  wine-glass  full  of  spirit  of  salt.  After  some  hours,  when  the 
action  bad  ceased,  the  soil  was  washed  and  dried  again  at  a  dull  red 
heat.    The  loss  amounted  to  3  grs. 

The  soil,  therefore,  contained 

Water 4  grs. 

Organic  matter  (less  than)  .     .      4} 
Carbonate  of  lime  (less  than)    .      3 
Clay  and  sand 93} 

104J 
4^.  By  boiling  and  washing  with  water,  291  grs.  of  the  uodried  soil 
left  202i  grs.  of  very  fine  sand  chiefly  siliceous, — 1041,  therefore,  would 
have  left  73  grs.,  or  the  soil  oontained  per  cent.— 

*  ▲  monirlgproaa  method  of  detatnUotaiff  tb^ lime  when  lew  tben5per  eent  wiU  be 
glTen  in  the  followiDg  lecture. 

t  The  wei(bin£8  for  the  porpoeee  here  deecrlbed  Buy  be  mide  In  a  tmeU  beflnce  with 
ffrein  welghte«  aold  by  the  dnttpmm  for  6e.  or  6e.,  eod  Uie  Tegeteble  metier  may  be  burned 
away  on  a  alip  of  iheet  Iron  or  ui  an  antinned  Iron  table-apooa  orer  a  bright  cinder  or  eliw> 
coal  fire— care  beinf  taken  thai  no  ecale  of  oxide,  which  may  be  fonned  on  the  Iron,  be  el- 
lowed  to  mix  with  the  eoil  when  cold,  and  ihos  to  increase  its  welcht.  Tboee  who  are  in- 
elined  to  perform  Uie  latter  opereiloo  more  neady,  may  obtain  for  about  Ss.  each— flmn  the 
dealers  In  chemical  apparBtua--lbiB  licht  platinum  capsules  Anom  lu>l)i  inches  in  dlame- 
S;Jk%***  ***"  *»«Wlni  100  gre.  of  solF-and  for  a  few  shiUiocs  more  a  spirit  Ump,over 
«*^SyUmJi!l*a  uS?£i**'  «>»  soil  "wj  be  bwiwd away.  ^mUi care, one  of  tticM Uuto 
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Water 3*9  per  cent. 

Organic  matter  (less  than)    •     .      4*1 
Carbonate  of  lime  (less  than)     •      3-0 

Clay 19-0 

Sand  (very  fine) 70.0 

lOOO* 
This  soil,  therefore,  containing  70  per  cent,  of  sand,  Separable  by 
decantation,  is  properly  a  sandy  &am. 

§  4.  Cffthe  cUstinguishing  characters  of  soils  and  subsoils. 

Beneath  the  immediate  surface  soil,  through  which  the  plough  makes 
iu  way,  and  to  which  the  seed  is  entrusted,  lies  what  is  commonly  dis- 
tinguished by  the  name  of  subsoil.  This  subsoil  occasionally  consists 
of  a  mixture  of  the  general  constituents  of  soils  naturally  different  from 
that  which  forms  the  surface  layer-^as  when  clay  above  has  a  sandy 
bed  below,  or  a  light  soil  on  the  surface  rests  on  a  retentive  clay  beneath. 

This,  however,  is  not  always  the  case.  The  peculiar  characters  of 
the  mi  and  subsoil  often  result  from  the  slow  operation  of  natural  causes. 

In  a  mass  of  loose  matter  of  considerable  depth,  spread  over  an  extent 
of  country,  it  is  easy  to  understand  how— even  though  oriffinally  alike 
through  its  whole  mass— a  few  inches  at  the  surface  should  gradually 
acquire  dififerent  physical  and  chemical  characters  from  the  rest,  and 
how  there  should  thus  be  gradually  established  important  agricultural 
distinctions  between  the  first  12  or  16  inches  (the  soil),  the  next  15  (the 
subsoil),  and  the  remaining  body  of  the  mass,  which,  lying  still  lower, 
does  not  come  under  the  observation  of  the  practical  agnculturist. 

On  the  surface,  plants  grow  and  die.  Through  the  first  few  inches 
their  roots  penetrate,  and  in  the  same  the  dead  plants  are  buried.  This 
portion,  therefore,  by  degrees,  assumes  a  brown  colour,  more  or  lees  dark, 
according  to  the  quantity  of  vegetable  matter  which  has  been  permitted 
to  accumulate  in  it.  Into  the  subsoil,  however,  the  roots  rarely  pene- 
trate, and  the  dead  plants  are  still  more  rarely  buried  at  so  great  a  depth. 
Still  this  inferior  layer  is  not  wholly  destitute  of  vegetable  or  other  or- 
ganic matter.  However  comparatively  impervious  it  may  be,  still  water 
makes  its  way  through  it,  more  or  less,  and  carries  down  soluble  organic 
substanceSf  which  are  continually  in  the  act  of  being  produced  during  the 
decay  of  the  vegetable  matter  lying  above.  Thus,  though  not  sensibly 
discoloured  by  an  admixture  of  decayed  roots  and  stems,  the  subsoil  in 
reality  contains  an  appreciable  quantity  of  organic  matter  which  may 
be  distinctly  estimated. 

Again,  the  continual  descent  of  the  rains  upon  the  surface  soil  washes 
down  the  carbonates  of  lime,  iron,  and  magnesia,  as  well  as  other  soluble 
earthy  substances— it  even,  by  degrees,  carries  down  the  fine  clay  also, 

"  Borne  of  dieM  oumtMn  diflter  hf  a  mintite  tnctkm  firom  those  In  the  preeedinc  pefe : 
ttitM  is  tMceoee  Uiey  are  calculated  from  the  more  correct  decimal  fracUona  cootaiDed  in  mj 
own  noie>l)ook.  The  orianic  matter  la  aaM  to  Im  toe  Iktm  the  nnmher  here  gtveo,  hecauae 
by  simple  drjlnf,  aa  here  prescribed,  the  whole  of  the  water  cannot  be  driven  oflF-«  portion 
being  sJways  retained  br  the  claj,  which  la  not  entirely  expelled,  till  the  eoil  is  rsiaed  nearly 
Co  a  red  beau  Hence  the  lose  by  this  aeeood  heating  most  always  be  irreater  than  the  actual 
weight  of  offanic  noatter  preaenL  The  lime  is  alao  tfse  than  the  number  given,  beeaiase,  aa 
already  slated,  the  acid  dlasolrea  a  little  alomlna  as  well  as  any  cartwoata  of  magneila  whiob 

Si^JTSS  pBMMSfc  ■  uigmzeu  Dy  >^j  vyvy-ii  i\^ 
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BO  as  gradually  to  establish^  more  or.  less  manifest  differeoce  between 
the  upper  and  lower  layers,  in  refereoce  even  to  the  earthy  ingredients 
which  they  respectively  contain. 

But,  except  in  the  case  of  very  porous  rocks  or  accumulations  of  earthy 
matter,  these  surface  waters  rarely  descend  to  any  great  depth,  and  hence 
after  sinking  through  a  variable  thickness  of  subsoil,  we  come,  in  gene- 
ral, to  earthy  layers,  in  which  little  vegetable  matter  can  be  detected, 
and  to  which  the  lime,  iron,  and  magnesia  of  the  superficial  covering 
has  never  been  able  to  descend. 

Thus  the  character  of  the  soil  is,  that  it  contains  more  brown  organic, 
chiefly  vegetable,  matter,  in  a  state  of  decay^-of  the  ni^fotZ,  that  the  or- 
ganic matter  is  less  in  quantity  and  has  entered  it  chiefly  in  a  soluble 
state,  and  that  earthy  matters  are  present  in  it  which  have  been  washed 
out  of  the  superior  soil— and  of  the  subjacent  mass,  that  it  has  remained 
nearly  unaffected  by  the  changes  which  vegetation,  culture,  and  atmos- 
pheric agents  have  produced  upon  the  portions  that  lie  above  it. 

From  what  is  here  si.ated,  the  effect  of  trench  and  subsoil  ploughing, 
in  altering  more  or  less  materially  the  proportions  of  the  earthy  constitu- 
ents in  the  surface  soil,  will  be  in  some  measure  apparent.  That  which 
the  long  action  of  rains  and  frosts  has  caused  to  sink  beyond  the  ordinary 
reach  of  the  plough  is,  by  such  methods,  brought  agam  to  the  surface. 
When  the  substances  thus  brought  up  are  directly  beneficial  to  vegeta- 
tion or  are  fitted  to  improve  the  texture  of  the  soil,  its  fertility  is  increased. 
Where  the  contrary  is  the  case,  its  productive  capabilities  may  for  a 
loiter  or  a  shorter  period  be  manifestly  diminisbed. 

§  5.  On  ^  general  origin  of  soils. 

On  many  parts  of  the  earth's  surface  the  naked  rocks  appear  over 
considerable  tracts  of  country,  without  any  covering  of  loose  mate- 
rials from  which  a  soil  can  be  formed.  This  is  especially  the  case  in 
mountainous  and  granitic  districts,  and  in  the  neighbourhood  of  active 
or  extinct  volcanoes,  where,  as  in  Sicily,  streams  of  naked  lava  stretch 
in  long  black  lines  amid  the  surrounding  verdure. 

But  over  (he  greater  portion  of  our  islands  and  continents  the  rocks 
are  covered  by  accumulations,  more  or  less  deep,  of  loose  materials^- 
sands,  gravels,  and  clays  chiefly — ^tlie  upper  layer  of  which  is  more  or 
less  susceptible  of  cultivation,  and  is  found  to  reward  the  exertions  of 
human  industry  with  crops  of  com  in  greater  or  less  abundance. 

This  superficial  covering  of  loose  materials  varies  from  a  few  inches  to 
one  or  two  hundred  feet  in  depth,  and  is  occasionally  observed  to  consist 
of  different  layers  or  beds,  placed  one  over  the  other— such  as  a  bed  of 
clay  over  one  of  gravel  or  sand,  and  a  loamy  bed  under  or  over  both. 
In  such  cases  the  characters  and  capabilities  of  the  soil  must  depend 
upon  which  of  these  layers  may  chance  to  be  uppermost— and  its  char- 
acter may  often  be  beneficially  altered  by  a  judicious  admixture  with 
portions  of  the  subjacent  layers. 

It  is  oAen  observed,  where  naked  rocks  present  themselves,  either  in 
cliffs  or  on  more  level  parts  of  the  earth,  that  the  action  of  the  rains  and 
frosts  causes  their  surfaces  gradually  to  shiver  off^  crumble  down,  or 
wear  away.  Hence  at  the  base  of  clifla  loose  matter  collects— on  com- 
paratively level  surfaces  the  crumbling  of  the  rock  ffradually, forms  a  toiJi^ 
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while  from  thoee  which  are  sufficiently  inclined  the  rains  wash  away 
the  loose  materials  as  soon  as  they  are  separated,  and  carry  them  down 
.  to  the  vallies. 

The  superficial  accumulations  of  which  we  have  spoken,  as  covering 
the  rocks  in  many  places  to  a  depth  of  one  or  two  hundred  feet,  consist 
of  materials  thus  washed  down  or  otherwise  transported — bv  water,  by 
winds,  or  by  other  geological  agents.  Much  of  these  heaps  of  transported 
matter  b  in  the  state  of  too  fine  a  powder  to  permit  us  to  say  from  whence 
it  has  been  derived— but  fragments  of  greater  or  less  size  are  always  to 
be  found,  even  among  the  clays  and  fine  sands,  which  are  sufficient  to 
point  out  to  the  skilful  geologist  the  direction  from  which  the  whole  has 
been  brought,  and  oAen  the  very  rocks  from  which  the  entire  accumula- 
tions have  been  derived. 

Thus  the  general  conclusion  is  fairly  drawn,  that  the  earthy  matter  of 
all  soils  has  been  produced  b}r  the  gradual  decay,  degradation,  or  crumb- 
ling down  of  previously  existing  rocks.     It  is  evident  therefore-^ 

1^.  That  whenever  a  soil  rests  immediately  upon  the  rock  from  which 
it  has  been  derived,  it  may  be  expected  to  partake  more  or  less  of  the 
composition  and  characters  of  that  rock. 

2°.  That  where  the  soil  forms  only  the  surface  layer  of  a  considerable 
depth  of  transported  materials,  it  may  have  no  relation  whatever  either 
in  crineralogical  characters  or  in  chemical  constitution  to  the  immedi- 
atelv  subjacent  rocks. 

The  soils  of  Great  Britain  are  divisible  iolo  two  such  classes.  Is 
some  counties  an  acquaintance  with  the  prevailing  rock  of  the  district 
enables  us  to  predict  the  general  characters  and  quality  of  the  soil ;  in 
others — and  nearly  all  our  coal  fields  are  in  this  case— the  general 
character  and  capabilities  of  the  soil  have  no  relation  whatever  to  the 
rocks  on  which  the  loose  materials  rest. 

^6.  On  the  general  strucltare  of  the  earth's  erwL 
Beneath  the  soil,  and  the  loose  ordrifled  matters  on  which  it  rests,  we 
everywhere  find  the  solid  rock.  This  rock  in  most  countries  is  seen— 
in  mines,  quarries,  and  clifl[»— to  consist  of  beds  or  layers  of  varied  thick- 
ness placed  one  over  the  other.  To  these  layers  geologisrs  give  the 
name  of  strata ;  and  hence  rocks  which  are  thus  made  up  of  many  se- 
parate layers  are  called  stratified  rocks. 

But  in  some  places  entire  mountain  masses  are  met  with,  in  which  no 
partipg  into  layers  or  beds  is  seen,  but  which  appear  to  consist  of  one 
unbroken  rock  of  the  same  material  from  their  upper  surface  down- 
wards, and  often  as  far  beneath  as  we  have  been  able  to  penetrate  into 
the  earth.  Such  rocks  aro  said  to  be  unstratified.  Among  these  are 
included  the  granites,  the  trap,  green-stone,  or  basaltic  rocks,  and  the 
lavas.  Geologists  have  ascertained  that  ail  these  unstratified  rocks  have, 
like  the  vdcaoic  lavas,  been  in  a  more  or  less  perfectly  melted  state- 
that  their  present  appearance  is  owing  to  the  action  of  fire— and  hence 
they  are  often  called  igneou^  rocks.  They  often  also  exhibit  a  more  or 
less  crystalline  or  glassy  structure,  or  contain,  imbedded  in  them,  nu- 
merous regular  crystals  of  mineral  substances ;  hence  they  are  some- 
times called  also  crystalline  rocks.    The  terms  igneous,  crystalline,  and 

p^ngsmus,  producad  l»y  firt ;  but  this  to  nnvrnti^uu^ji^Mwctd. 
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unstratifiedi  therefore,  apply  to  tbe  tame  class  of  locks— the  first  indica- 
ting their  orisin,  the  second  their  structure  in  the  stnall^  the  third  their 
structure  in  the  large,  as  distinguished  from  that  of  the  rocks  which  occur 
in  beds. 

The  following  diagram  exhibits  the  general  appearance  of  the  strati- 
fied rocks  as  they  are  found  to  occur  in  contact  with  unstratified  maasea 
in  various  parts  of  the  globe  i^ 


A  represents  an  unstratified  mountain  mass  or  other  similar  rock  rising 
up  throoeh  the  stratified  deposits.  The  bendin?  up  of  the  edges  of  the 
latter  indicates  that  afler  the  beds  were  deposited  in  a  nearly  level  posi- 
tion, the  mass  A  was  intruded  or  forced  up  through  them,  carrying  the 
broken  edges  of  the  beds  along  wirh  it. 

B  shows  the  more  quiet  way  in  which  veins  or  dykes  of  unstratified 
ereen-stone,  or  trap,  or  lava,  cut  through  the  beds  without  materially 
uisplacing  them— as  if  when  in  a  fluid  state  it  had  risen  up  and  filled  a 
previously  existing  crack  or  chasm.  In  Devonshire,  in  the  North  of 
Scotland,  and  in  Ireland,  the  granite  rises  in  many  places  exactly  as  is 
shown  at  A,  and  nearly  all  our  coal  fields  exhibit  in  their  whin  dykes 
numerous  illustrations  of  what  is  shown  at  5. 

C  and  D  exhibit  the  manner  in  which  the  strata  overlie  one  another 
in  nearly  a  horizontal  position — 1,  2,  3,  indicating  different  kinds  of  rock, 
-—as  a  lime-stone,  a  sand-stone,  and  a  clay— which  again  are  subdivided 
into  beds  or  thinner  layers,  by  the  partings  exhibited  in  the  wood-cut. 

The  stratified  rocks  lie  sometimes  nearly  level  or  horizontal  over  large 
tracts  of  country*— as  in  the  above  diagram,— sometimes  they  are  more 
or  less  inclined  or  appear  to  dip  in  one  and  to  rise  in  the  opposite  direc- 
tion— ns  if  a  surface,  formerly  level,  had  been  pushed  down  at  the  one 
end  and  raised  up  at  the  other,— and  sometimes  they  seem  to  rest  entire- 
ly upon  their  ed^es.  Upon  the  mode  in  which  they  thus  lie,  the  untfar* 
mity  of  the  soil,  m  a  district  where  it  reposes  immediately  on  the  rocks 
from  which  it  is  derived,  is  materially  dependent.  In  the  following  dia- 
gram the  surface  from  A  to  £  represents  a  tract  of  country  in  which  the 


rocks  have  in  different  parts  these  different  degrees  of  inclination,  at  A 
vertical,  at  B  more  inclined,  and  from  C  to  E  nearly  horizontal.  Now, 
k  is  obvious  that  if  the  outer  surface  of  these  several  rocks  crumble  and 
ibrm  a  soil  which  rests  where  it  is  produced— then  the  quality  of  the  soil 
on  every  spot  will  be  determined  by  the  nature  of  the  rock  beneath. 
Hence,  in  proceeding  from  £  over  the  comparatively  level  strata,  we 
•hall  find  the  soil  pretty  uniform  in  quality  till  we  come  to  the  edge^of 
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the  bed  D,  thence  it  will  again  be  uniform,  though  perhaps  different  from 
the  former,  till  we  reach  the  stratum  C,  when  again  it  will  prove  uni- 
form oTer  a  considerable  space  till  we  begin  to  climb  the  bill  to  B.  So 
the  whole  hill-side  in  ascending  to  B  will  be  of  one  and  the  same  kind 
of  soil.  But  as  we  descend  on  the  other  side  and  pass  B«  we  get  upon 
the  edges  of  the  beds,  and  then  as  we  proceed  from  one  bed  to  another, 
the  quality  of  the  soil  may  vanf  eveiy  few  yards,  more  or  less,  ac- 
eordmg  as  the  members  of  this  group  of  beds  are  more  or  less  differ- 
ent from  each  other.  But  when  we  ascend  the  hill  to  A,  where  the 
beds,  besides  being  vertical,  are  also  very  thin,  the  soil  may  change  at 
almost  eveiY  step,  provided— which  is,  however,  rarely  the  case  among 
the  rocks  (slate  rocks)  which  occur  most  frequently  in  this  position— pro- 
vided the  mineraloffical  characters  of  the  several  vertical  layers  be  sen- 
sibly unlike.  Such  dissimilarities  in  the  angular  poshion  of  the  strata, 
as  are  represented  in  the  above  diagram,  are  of  constant  occurrence,  not 
only  in  our  islands,  but  in  all  parts  of  the  globe ;  and  they  illustrate  very 
clearly  one  important  natural  cause  of  that  want  of  uniformiiy  in  the  na- 
ture and  capabilities  of  the  soil  which  is  more  or  less  observable  in  every 
undulating  and  in  some  comparatively  level  countries  also. 

It  may  be  stated,  as  the  general  result  of  an  extended  examination 
of  all  the  stratified  rocks  yet  known^that  they  consist  of  alternations  or 
admixtures  of  three  kinds  of  rock  only— of  sand-stones,  of  lime-stones, 
and  of  clays.  The  sand-stones  are  of  various  degrees  of  solidity  and 
hardness,  from  the  loose  sand  of  some  parts  of  the  lower  new-red  and 
green-sand  formations,  tothe  almost  perfect  quartz  rock  not  unfrequently 
associated  with  the  oldest  strata.  The  lime-stones  vary  in  like  manner 
fiom  the  soft  chalk  to  the  hard  mountain  lime-stone  and  the  crystalline 
statuary  marble ;  while  the  clays  are  found  of  all  degrees  of  hardness 
from  that  of  the  London  and  Kimmeridge  clays,  which  soften  in  water, 
to  that  of  the  roofing  slates  of  Cumberland  and  Wales, — and  even  to 
that  of  the  gneiss  rocks  which  rest  immediately  upon  the  granite,  and 
which  appear  to  be  only  the  oldest  clays  altered  by  the  action  of  heat. 

But  the  stratified  rocks,  though  thus  distinguishable  into  three  main 
varieties— rarely  consist  of  any  one  of  these  suhstances  in  an  unmixed 
state.  The  sand-stones  not  unfrequently  contain  a  liitle  clay  or  lime, 
while  the  lime-stones  and  clays  are  offen  mixed  with  sand  and  with 
each  other. 

If  the  stratified  rocks  thus  consist  essentially  of  these  three  substances, 
the  soils  formed  firom  them  by  natural  crumbling  or  decay  must  have  a 
similar  composition.  A  sandy  soil  will  be  formed  from  a  sand-stone,— 
a  calcmous  soil  from  a  lime-stone,— a  clay  from  a  slate  or  shale, — ^and 
from  a  mixed  rock,  a  soil  containing  a  mixture  of  two  or  more  of  these 
earthy  ingredients— in  proportions  which  will  depend  upon  the  relative 
qnantities  of  each  which  are  contained  in  the  rock  from  which  they  have 
been  derived. 

§  7.  RelaUve  poritions  and  peculiar  characters  of  the  several  strata. 

1^.  The  several  strata,  or  series  of  strata,  which  present  themselves 
in  the  crust  of  the  globe,  always  maintain  the  same  relative  positions. 
Thus  the  numbers  3,  2,  1,  in  the  annexed  diagram,  represent  three  series 
of  beds  known  by  the  names  of  the  magnesian  lime-stooey  the  lower  new* 
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red  sand-stone,  and  ihe  coul-measures,  lying  over  each  other  in  iheir 
natural  positions — ^the  lime-stone  uppernjost,  tlie  sabd-stooe  next,  and 
the  coal  beneath  both.  Whenever  tiiese  three  rocks  are  met  with,  near 
each  other,  they  always  occupy  the  same  -relative  position,  the  coal 
n^ver  appears  above  this  lime-stone,  and  the  sand-stone,  if  present,  is 
always  between  the  two  other  series  of  beds.  The  same  is  true  of  every 
other  group  of  strata— the  order  in  which  they  are  placed  over  each  other 
is  universally  the  same. 

2^.  These  beds  are  generally  continuous  also  over  very  large  areas-— 
or  are  found  to  stretch,  without  interruption,  over  a  great  extent  of  coun- 
try. Hence  when  they  dip  beneath  other  beds,  as  tliey  are  seen  to  do 
in  the  above  diagrams,  we  can  still,  with  a  high  degree  of  probability, 
infer  their  presence  -at  a  greater  or  less  depth,  wherever  we  observe  on 
the  surface  those  other  beds  which  are  known  usually  to  lie  immediate- 
ly above  them.  Thus,  if  in  a  tract  of  country  consisting  of  the  magne- 
sian  lime-stone  (3)  above-mentioned,  it  is  known  that  deep  vallies  occur, 
it  becomes  probable  that  the  soil  in  those  vallies  will  rest  upon,  and  may 
be  formed  from,  the  underlying  red  sand-stones  or  coal-measures ;  and 
that  it  will  therefore  possess  very  diflferent  agricultural  capabilities  from 
the  soil  that  generally  prevails  around  it.  Or  in  chalk  districts,  beneath 
which  usually  lies  the  green-sand,  the  presence  of  a  deep  valley  cutting 
through  the  chalk  almost  necessarily  implies  in  the  hollow  a  very  differ- 
ent  soil  from  that  which  is  cultivated  in  the  chalk  wolds  above.  This  is 
the  case  in  the  valley  of  Kingsclere,  where  the  peculiar  wheat  soil  oc- 
curs, of  which  an  approximate  analysis  has  been  given  in  page  334. 

3°.  It  has  been  already  stated  that  the  stratified  rocks,  though  so  very- 
numerous  and  so  varied  in  appearance,  yet  consist  generally  of  repeated 
alternations  of  lime-stones,  sand-stones,  and  clays,  or  of  mixtures  of  two 
or  more  of  these  earthy  substances.  But  the  several  series  of  strata  aro 
nevertheless  distinguished  from  each  other  by  peculiar  and  oAen  well- 
marked  characters. 

Thus  some  are  soft,  crumble  readily,  and  soon  form  a  soil,— while 
others,  though  consisting  of  the  same  ingredients,  long  refuse  to  break 
into  minute  fragments,  and  thus  condemn  the  surface  of  the  eooolry 
where  they  occur  to  more  or  less  partial  barrenness. 

In  others,  again,  the  proportions  of  sand  or  lime  are  so  varied,  from 
bed  to  bed,  that  the  character  of  the  mixture  in  each  is  entirely  difiereot 
— «o  that  while  one,  on  crumbling  down,  will  give  a  stiflTclay,  another 
will  produce  a  loam,  and  a  third  a  sandy  marl. 

Or,  in  some  rocks  the  remains  of  vegetables  are  present  in  considera- 
ble quantity, — as  in  the  neighbourhood  of  our  coal-beds— or  the  bonea  or 
shells  of  animals  in  greater  or  less  abundance,  by  each  of  which  the 
a^cultural  characters  and  capabilities  of  the  soils  formed  from  them, 
will  be  more  or  less  extensively  afiected. 

Or  lastly,  the  mixture  of  other  earthy  substances  giyea  a  peculiar 
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character  to  many  rocks.  Thus  the  per-oxide  of  iron,  whidi  impartB 
their  red  colour  to  maoy  strata — ^as  to  the  red  sandstones — ^influences 
not  only  the  mioeralogical  character  of  the  rock,  but  also  the  quality  of 
the  soif  which  is  formed  by  its  decay.  In  like  manner  the  presence  of 
magnesia,  sometimes  in  large  quantity,  in  many  lime-stones,  produces 
an  important  modification  in  the  chemical  constitution  and  mineralogical 
characters  of  the  rock,  as  well  as  in  its  relations  to  practical  agriculture. 

In  coDsequence  of  these  and  other  similar  causes  of  diyersity,  if  not 
every  siratam,  at  least  every  series  of  strata,  exhibits  distinguishing  and 
characteristic  peculiarities,  by  means  of  which  it  mav  be  more  or  less 
readily  recognized.  On  these  peculiarities  the  special  agricultoral  ca- 
pabilities of  those  parts  of  the  globe  in  which  each  series  of  beds  occurs 
are  in  a  great  degree  dependent. 

4°.  This  peculiar  character  is  also  more  or  less  continuous  over  very 
large  areas.  Thus  if  a  given  stratum  be  found  on  the  surface  in  any 
part  of  England,  and  again  in  any  part  of  Russia,  the  soil  formed  from 
that  bed  will  generally  exhibit  very  nearly  the  same  qualities  in  both 
countries.  A  knowledge  of  the  geology,  therefore, — that  is,  of  the  kind 
of  lock  which  appears  on  the  surface  m  every  part  of  a  country— ena- 
bles OS  to  predict  generally  the  kind  of  soil  which  ought  to  rest  upon  it, 
if  it  be  not  covered  by  foreign  accumulations ;  while,  on  the  other  hand, 
a  knowledge  of  the  agricultural  capabilities  of  any  one  district  in  which 
certain  rocks  are  known  to  lie  immediately  beneath  the  soil,  and  of  the 
agricultural  practice  suited  to  that  district,  will  indicate  the  probable  ca- 
pabilities of  any  other  tract  in  which  the  same  kind  of  rock  is  known  to 
appear  on  the  surface,  and  of  the  kind  of  culture  which  may  be  most 
successfully  applied  to  it. 

It  is  evident,  then,  that  a  familiar  acquaintance  with  the  general 
characters  and  relative  positions  of  all  the  series  of  strata  that  have  hith- 
erto been  observed,  and  of  the  classification  of  rocks  considered  geologi- 
cally, to  which  this  knowledge  has  led,  must  be  fitted  to  throw  much 
light  upon  the  principles  of  a  general,  enlightened,  and  philosophical 
agriculture. 

§  8.  CUusiJieation  of  the  stratified  rocks,  their  extent,  and  the  agritnUu' 
ral  relations  of  the  soils  derived  from  them. 

It  is  a  received  principle,  I  may  say  rather,  an  obvious  fact,  that  in 
the  crust  of  the  earth,  as  in  the  walls  of  a  building,  those  layers  which  lie 
lowest  or  undermost  have  been  first  deposited,  or  are  the  oldest.  In  re- 
ference to  this  their  relative  age,  the  stratified  rocks  are  divided  into  the 
primary,  the  first  deposited  and  most  ancient— the  secondary,  which  are 
next  in  order— and  the  tertiary,  which  overlie  both. 

These  three  series  of  strata  are  again  subdivided  into  systems,  and 
these  into  minor  groups,  called  farma^ums^^ihe  several  members  of 
each  system  and  formation  having  sach  a  common  resemblance,  eithei 
in  mineralogical  character  or  in  the  kind  of  animal  and  Yegrtabie  re 
mains  found  in  them,  as  to  show  that  they  were  deposited  under  very 
nearly  the  same  general  physical  conditions  of  the  globe. 

The  following  table  exhibits  the  names,  relative  positions,  tWcknesses 
and  mineralogical  characters  of  the  stratified  rocks,  in  descending  order 
as theyocairuiaw  islands.    The  annexed  remarks  indicate  also  ih* 
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districts  where  each  of  these  gniape  of  rocks  forms  the  sarfilcet  and  the 
general  agricultural  character  of  the  soils  that  rest  upon  them. 

I.  Teetiart  Strata— characterized  by  containing,  among  other  (bs- 
sils,  the  remains  of  animals,  which  are  identical  wiih  existing  species. 

NAME  AND  TRICVNESS«  MINBRALOOICAL  CHARACTBRS. 

1^.  Crag*  bOft*  A  mass  of  rolled  ji^blsB  mixed  widi 

marine  BhflU»— lestuig  on  beds  of  sand 
and  sandy  lime-stone  |  the  whole  moie 
or  kas  impregnated  with  oxide  of  iron. 
Extent. — The  Crae  forms  a  stripe  of  land  a  tew  miles  in  width  in  the  east- 
em  part  of  Norfolk  ang  Suffolk^  ana  in  the  south-eastern  part  of  the  latter  coun- 
ty.    It  is  a  flat,  and  generally,  it  is  said,  a  fertile  arable  district 

29>  Fresh-fffater  Marls.  100^.'  Maris  and  mariy  lime-stones,  with 

fiesb^water  shells  dirided  into  two  ae- 
ries by  an  estuary  deposit,  containii^ 
marine  shells. 
Extent. — ^On  these  beds  reposes  the  soil  of  the  northern  half  of  the  Isle  of 

Wight,  the  only  part  of  England  in  which  they  appear  at  the  sur&ce. 

Z^,  London  Clay.    200  to  500  ft.         Stiff,  ahnostunperrious,  brown,  blue, 

and  blackish  clay,  rich  in  marine  shells, 
and  containing  layers  of  lime-stone  no- 
dales. 

Extent. — ^The  greater  part  of  the  county  of  Middlesex,  the  south-eastern 
half  of  Essex,  and  me  southern  half  of  Hampshire,  rest  upon  the  London  Clay. 

Soil. — The  soil  is  naturally  strong,  heavy,  wet,  and  tenacious,  "sticking  to 
the  plouffh  like  pitch,"  and  smrinking  and  cracking  in  dry  weather.  Where  it 
is  mixea  with  sand,  it  forms  a  fertile  loam ;  and  hence  where  the  sand  of  tho 
subjacent  plastic  clay  is  easily  accessible,  it  may  readily  be  improred  by  ad- 
mixture. Repeated  dressings  of  London  manure  convert  it  into  rich  meadow 
lend,  and  even  where  this  caimot  be  obtained,  the  difficulty  and  expense  of  cul- 
ture have  caused  a  yery  lar^  portion  of  it  to  be  retained  in  pasture.  That 
which  is  under  culture  is  said  to  be  too  strong  for  turnips  and  barley,  but  to 
grow  excellent  crops  of  wheat  and  beans. 

4<'.  PUuHc  Clay.     300  to  400^1.         Alternating  beds  ofclay  and  sand,  of 

yarious  coloora  and  thicknesses.  Some 
of  the  beds  of  clay  are  pure  white,  and 
so  fine  as  to  be  used  for  majEing  pipes. 

Extent. — This  formation  surrounds  the  London  clay  with  an  indented,  gen- 
erally low^d  flat  belt,  of  varying  breadth,  occupying  a  large  space  in  Hamp- 
shire and  Dorset,  in  Essex,  Suffolk,  and  Norfolk, — stretching  fuong  the  north- 
ern part  of  Kent  and  Surrey,  and  throwing  out  arms  into  Benu,  Buckingham, 
andJSertford. 

Soil.— The  soil  is  very  yarious,  the  alternate  beds  of  sand  and  clay  of  difier- 
ent  qualities  producing  soils  oT  the  most  unlike  quality  oAtn  within  very  short 
distances.  The  greatest  portion  of  this  tract  is  m  arable  cultore,  bat  there  are 
extensive  heaths  and  wastes  in  Berks,  Hampshire,  and  Dorset 

In  Norfolk  and  Suffolk,  where  the  lower  beds  of  this  sand  rest  upon  chalk, 
the  soil  is  readily  chanced,  by  an  admixture  with  this  chalk,  into  a  good  sandy 
loam,  which  wiU  yield  lai]ge  crops  of  turnips  barley,  and  wheat,  instead  of  the 
heath  and  bent,  its  sole  original  produce.  This  chaUring  is  generally  repeated 
once  in  8  yeara,  at  an  expense  of  50s.  an  acre.  In  Hampslure  and  Berkshire, 
gie  same  method  is  adopted  with  great  success,  and  the  rich  crops  now  reaped 
vom  Hounslow  Heath  are  the  nsuU  of  this  method  of  imptovemsttt. 
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II.  Tiie  Stcoroaat  Stbata--gooUi1d  no  animal  ramaiiif  which 
can  he  identified  with  eziadog  species.  Those  which  are  found  in  them 
are  nearly  all  difierent  from  those  which  occur  either  in  the  tertiary 
aibore  or  the  primary  strata  helow. 

A. — Cabtaceous  Btstem. 
6P.  Chtdk.  eOOJL  The  upper  part  softer,  and  eoataiA- 

ing  layers  of  flints,  with  msny  manae 
remains.  Below,  the  chalk  is  haanler, 
and  towards  the  bottom  passes  into 

beds  of  marl— (chalk  marl). 

Ezmrr.— -The  chalk  occupies  a  very  kurge  area  in  the  south-eastern  part  of 
the  island.  It  fimns  a  bxoad  band  of  from  15  to  25  miles  in  bieadth,  ranniag 
northfeast  and  soutb-west  from  the  extreme  south-western  part  of  Dorset,  to 
the  extreme  north  of  Norfolk,-— it  there  turns  nearly  at  a  ri^  angle,  into  the 
centre  of  linoolnshire,  where  it  is  10  to  15  miles  in  breadth,  and  thence  streielies 
into  Yorkshire,  in  the  south-eastern  [wrt  oi  which  county  it  coven  a  large  area, 
and  about  Fbunborous^  Head  attains  a  breadth  of  2b  miles.  In  rrtiiwing 
through  Berkshire  and  Surrey,  it  is  partially  interrupted  by  the  plastic  clay 
which  it  embnoes  on  every  side;  and  hence,  m  followmg  the  outline  of  this  for- 
raatioii  it  encireles  witha  oroad  fringe  the  southern  edges  of  Sussex  and  Surrey 
and  the  northern  boiden  of  Kent 
SoiL.~The  soils  formed  from  the  upper  chalk  are  all  more  or  less  mixed 


esnvwtible  into  good  srable  land,  producing  barley,  turnips,  wheat,  and  sain- 
foin.  The  lower  chalk  soils  (chalk  marl)  consist  of  a  deep,  strong,  calcareous 
prey  or  white  ]otuaa^veryvroductive^mDd  when  mixed  with  the  cp^  sand  be- 
low it,  becoming  itill  richer,  more  friable,  and  more  productive  of  every  kind  (tf 
crop.  It  is  better  suited  for  wheat  than  the  upper  chalk,  but  is  less  aaiRpted  for 
turnips. 

The  porous  nature  of  the  chalk  renden  the  soil  very  diy,  and  in  many  locali- 
ties (he  only  method  of  obtaining  a  Bui&cient  mxjpijfiy  or  water  is  by  forming 
ponds  to  catch  and  retain  the  rain-water. 

In  Norfolk  and  Suffolk,  on  the  Lincolnshire,  and  more  recently  on  the  York- 
ahire  WoMh,  great  improvement  has  been  effected  by  dressing  the  chalk-soil 
with  fresh  chiuk  brought  up  from  a  considerable  depth  below,  and  laid  on  at  the 
rate  of  50  to  80  cubic  yaros  per  acre.  The  explanation  of  this  procedure  is  to 
be  fomnd  in  the  fact  above  stated,  that  the  lower  chalk  marls,  without  flints,  pro- 
duce sn  excellent  soil,  fitted  therefore,  by  admixture  with  the  poorer  upper-chalk 
soils,  for  materially  improving  their  quality.  It  is,  therefore,  only  in  localities 
where  this  lower  chalk  can  be  obtained,  that  the  above  method  of  improTO- 
Boeni  can  be  with  any  material  advantage  adopted.  This  is  proved  by  the 
practice  at  Sudbury,  m  Suffolk,  which  rests  upon  the  upper  beds,  where  it  is 
found  to  be  more  profitable  to  import  the  lower  chalk  from  Kent,  to  lay  m>on 
these  lands,  than  to  dress  them  with  any  of  the  chalks  (only  upper  beds)  which 
are  immediately  within  their  reach.* 

e^.  Green  Sand.        MO  ft.  The  imcr  beds  consist  of  layers  of 

a  Upper,   100.  a  greenish  sand  or  sand-stone,  often 

b  GauU,    150.  chiOky.    The  gault  is  a  solid  compact 

e  Lower,  950.  mass  of  an  unpervious  blue  clay,  some- 

times marly.    The  lower  gr»sn  sand 
contains  a  series  of  ochrey  resting  on  a 

I  twtoduOkt  BBight  lead 
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■tties  of  erMnidi  sandy  strata.    The 

whole  of  these  beds  are  m  many  nkoes 

AiUoffiMsUs. 

Extent. — ^The  Green  Sand  fonns  a  narrow  border  round  the  whole  of  the 

northern  and  western  ed^e  of  the  chalk,  except  in  Yoxkahire,  where  it  has  not 

as  yet  been  anywhere  cKscoTered  at  the  sarnuse.    It  skiits  also  the  southem 

ed^  of  the  chalk  in  Surrey  and  Kent,  and  its  eastern  boundary  in  Hampshire, 

where  it  attains  a  breadth  of  eight  or  ten  miles.    It  fonns  likewise  the  southem 

.  portion  of  the  Isle  of  Wight 

SoiL.-*The  upper  beds,  which  are  the  greenest  and  most  chalky,  form  an 
open  friable  soil,  easily  worked,  and  of  the  most  productiTe  duuracter.  It  con- 
sists in  general  of  an  exceedingly  fine  sand,  mixed  with  more  or  less  of  day 
and  calcareous  matter  (see  analyais,  p.  234),  coloured  by  greenish  erains.  It  w 
rich  and  productive  of  every  species  of  crop,  and  the  peculiar  ridiiess  of  this 
soil  haa  been  remarked  not  only  in  England  but  also  in  the  United  States  of 
North  America.  In  some  parts  of  Bedfordshire  the  soils  of  this  formation  fonn 
the  most  productive  garden  lands  in  the  kingdom.  In  other  localities,  again, 
whare  the  soil  is  formed  from  layers  of  black  or  of  white  silvery  sand,  it  prodn- 
oes  naturally  nothing  but  heath. 

The  impervious  eault  day  forms  in  Cambridee  and  Huntingdon  "  a  thm, 
cold  day  soil,  which,  when  wet,  becomes  as  sticky  as  glue,  is  most  expensive 
to  cultivate  as  anble  land,  and  naturally  produces  a  poor,  coarse  paators." 
Much  of  this  tract,  though  unenclosed,  is  yet  generally  in  arable  culture,  under 
two  crofM  and  a  naked  follow — the  enclosed  parts  are  chiefly  in  pasture,  and 
yield  a  rich  herbage. 

The  lower  green-sand  presents  itself  over  a  comparativdy  small  snifaoe, 
is  in  some  loc^ties  (Sussex)  Laden  with  iron  ochre,  and  is  there  naturally  un- 
productive. 

B.— Oounc  System. 

7°.   Wealden,  950  Jl.  The  upper  part  consists  of  a  fresh- 

■  a  Weald  Clajr,  300.       water  deposit  of  brown,  blue,  or  fawn- 

d  Hastings  ^and,        400.       coloured  clay,  often  marly  and  almoet 

■^—    c  Purbe<£  lime-stone,  250.        always  close  and  impervious  to  water. 

Beneath  this  are  the  iron  or  ochrey 
Hastings  sands,  which  again  rest  upon 
the  Purbeck  beds  of  alternate  fresh- war 
ter  lime-stones  and  marls. 
Extent.— The  Wealden  rocks  appear  at  the  surface  only  in  Sussex  and 
Kent,  of  which  they  form  the  entire  central  portion. 

Soil. — The  soil  formed  from  the  Weald  Clay  is  fine  grained  and  unctuous — 
oflen  pale  coloured,  and  containing  much  fine  grained  siliceous  sand.  It  forms  a 
paste  which  dries  and  hardens  almost  like  a  brick,  so  that  the  roots  of  plants 
cannot  penetrate  it.  From  the  expense  of  cultivating  such  land,  much  of  it 
is  in  wood  (Tilgate  Forest),  and  some  is  in  poor  wet  pasture.  On  the  whole 
of  this  tract,  therefore,  there  is  much  room  for  improvement.  The  Hastings 
sands  produce  a  poor  brown  sandy  loam  which  naturally  yields  only  heath  and 
biush-wood.  Much  of  this  soil  w  in  pasture,  but,  underpropCT  cultivation,  it 
yielos  good  crops  of  all  kinds.  Where  the  ruins  of  the  Purbeck  marls  are  in- 
teimixed  with  it,  the  soil  is  of  a  superior  quality. 

8°.   Upper  Oolite.        600^2.  The  upper  part  of  this  formation  con- 

a  Portland  Beds.         100.        sists  of  the  oolite*  limestones  and  cal- 

b  Kimmeridge  Clay,  &00.       careous  sand-stones  long  worited   at 

Portland— the  lower  of  £e  blue  daty 

*  Bo  Bused  beoMiM  thej  eonslst  ofaBBsU  v^dispsd  gruratoe,  likallMio%«C*flBlk 
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or  gnyish)  onm  cslaMoiM  And  Inti^ 
minous  beds  of  the  Kimmeridge  day. 
SxTBNT.— The  Upoer  Oolite  nuie  iM>rUk-east  along  the  northern  edge  of 
m  the  weetem  extremity  of  Dorset  to  the  extreme  north  of 


the  eieen  eand,  from 

Nonolk.  It  is  in  general  only  2  or  3  miles,  but  in  a  few  places  expands  to 
6  or  8  miles  in  breadth.  It  appears  again  on  the  western  edge  of  tiie  green 
sand  in  Uncohnshire,  and  in  xoikshire  forms  a  stripe  6  or  6  miles  in  brraudthi 
which  crosses  the  country  from  Hebnsley  to  Filey  Bay.  In  the  Isle  of  Port- 
land also  it  is  found,  and  it  atratches  in  a  narrow  stripe  along  part  of  the  south 
eoeat  of  Dorset. 

Soil. — ^The  soil  from  the  Portland  rocks,  in  consequence  of  the  prevalence 
of  siliceous  and  the  absence  of  clayey  matter,  produces  naturally,  or  when  laid 
down  to  firass,  only  a  poor  and  b^y  herbaj^.  lu  loose  and  sandy  naUare 
makes  it  also  veir  che^  to  woik,  and  hence  it  ia  chiefly  in  arable  culture.  It 
is  easily  afiected  oy  drou^t,  but  m  damp  seasons  it  produces  abundant  crop* 
-^eapeoaUy  in  thoae  jMrta  where  the  soil  is  naturally  mixed  with  the  detritus 
of  the  orer-lying  Hastings  sand,  and  of  the  calcareous  Purbeck  beds. 

The  KimuMridce  clay  forma  a  tou^  ffmMtk,  impervious,  often  however 


very  calcareous  soil  and  subaoiL  From  the  mfficulty  of  worlong  it,  much  of 
the  surfoee  over  which  this  formation  extends  is  laid  down  to  grass,  and  the  old 
pasture  land  affords  excellent  heriiaee.  The  celebrated  pasture  lands  of  the  vala 
of  North  Wilts  resla  pwtly  on  this  day.  The  relative  thicknesses  of  the  Portland 
beds  and  the  Kimmeiidce  day  will  readily  account  for  the  feet  of  this  clay  be- 
ing spread  over  by  fiir  the  greatest  part  of  the  area  occupied  by  this  formation. 
In  Yorkshire,  day  of  a  great  thidmess  is  the  only  member  of  this  series  that 
has  hitherto  been  observed.  On  this,  as  well  as  on  the  subjacent  Oxford  davi 
the  judieiooa  investment  of  capital  might  produce  a  much  greater  annual  breadth 
of  oonL 

9^.  Middle  OoUU>      500  JL  The  uppermost  bed  in  this  foimation 

Upper  CalcaieoQs  Grit,  I  is  a  sana-stone  containing  A  consider- 

Coral  Rag,  >  100.     able  quantity  of  lime — ^next  is  a  coral- 

Calcareous  Chit,  )  line  lime-stone  (coral  rag)  resting  upon 

Oxford  Clay,  )  other  sand-stones,  which  contain  much 

Kelloways  itoek,  >400.     lime  in  their  upper  and  little  or  none  in 

Bine  Clay,  )  their  lower  beds.    Below  these  is  an 

enormous  deposit  of  adhesive  tenadous 
dark  blue  clay,  frequently  calcareous 
and  bilnminous,  and  towards  the  k>wer 
part  containing  irregular  beds  of  sand- 
stones and  lime-stone8(Kelloways  rock) 
beneath  which  the  day  again  recurs. 
SzTEirrr— The  middle  adjoina  the  upper  oolite  on  the  north  and  west — ao- 
eoopanying  it  from  the  extremity  of  Dorset,  into  Wilts,  Oxford,  Huntingdon, 
lineohishire.  and  Yofkahire.    Until  it  reaches  Huntingdon,  it  rarely  exceeds 
6  or  8  miles  m  width,  but  in  this  county  and  in  lincohi  it  exponda  to  a  width 
of  neoriy  90  miles.    In  Yorinhire  it  neariy  surrounds  the  upper  oolite,  and 
OD  the  northern  border  of  the  latter  formation  attains  a  width  from  north  to 
south  of  6  or  8  miles. 

Soil. — ^The  hig^  beds  of  both  the  upper  and  lower  calcareoua  grits  produce 
good  land.  They  contain  lime  intermmgled  with  the  other  materials  of  the 
silieeoas  sand-stone.  The  upper  calcareous  erits  are  no  doubt  improved  by 
their  pnndmity  tothe  ElimmencUe  day  above  mem,  while  the  lower  calcareous 
grit  is  inlike  manner  benefttted  by  the  lime  of  the  super-incumbent  coral  rag. 
The  onder  beda  of  both  groups  are  the  more  gritty,  and  form  a  poor,  barren, 
almost  worthless  soil,  much  of  which  in  YoriEsnire  is  still  unredaimsd. 
Vpmk  the  hiUs  of  the  eond  ng  itself  oscon  the  best  pasture  whidi  is  net  with 
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in  that  part  of  the  North  Riding  of  Yorinhln  throng^  which  this  fimnatioo 
extends. 

The  Oxford  day,  which  is  by  fiu-  the  most  important  member  of  this  fonnsr 
Hon,  and  forms  the  sor&ce  orer  by  far  the  largest  portion  of  the  area  oeem>ied 
by  it — ^prodaces  a  dose,  heavy,  compact  day  soi},  diff enlt  to  work,  and  wnich 
is  one  of  the  most  expeosive  of  alt  the  clays  to  cultivate.  This  is  espedally 
the  case  in  Bedford,  Huntingdon,  Northampton,  and  Lincoln,  in  which  coon- 
ties,  neveriheless,  a  consider&le  extent  of  it  is  under  the  plough.  In  Wihs, 
Oxibrd,  and  Gloucester,  it  is  chiefly  in  pasture,  and  as  over  these  districts  it  as- 
sumes the  character  rather  of  a  dayey  loam,  the  herbage  is  thick  and  luxuiiant. 
The  impervious  nature  of  this  day  has  caused  the  staenation  of  watw  upon 
its  lower  lying  portions,  the  consequent  accumulation  of  vegetable  matter,  and 
the  formation  of  bogs.  The  extensive  fens  of  Lincoln,  Northampton,  Hunt* 
ingdon,  Cambridge,  and  Noriblk,  rest  upon  the  Oxford  day.  This  tract  of 
fenny  country  is  70  miles  in  length,  and  about  10  in  average  breadth.  Whea 
drained  and  covered  with  the  elay  fivm  beneath,  it  is  capabM  of  bdnr  converted 
into  a  most  productive  soil.  In  Lincolnshire,  there  are  about  a  mulion  acres 
of  fen,  which  have  their  drainage  into  the  Wash,  about  50,000  of  whioh  are  at 
present  irreclaimable,  on  account  of  the  state  of  the  outlet 

In  the  neighbouriiood  of  the  Kdloways  rock  the  day  becomes  mora  loamy 
and  less  difficult  to  work. 

Both  in  Yorkshire  and  in  the  southern  districts,  the  Oxford  clay  is  found  to 
fevoor  the  growth  of  the  oak,  and  hence  it  is  often  distinguished  by  the  name 
Otiht  oak  tree  dmj, 

IQ^.  bifiricT  Oolite.     600 y?.  Thin,  impora,  lubbly  beds  of  shetty 

a  Combrasb,  30.         Ume-stone  form  the  vpper  pen  of  this 

b  Forest  Maible,  50.  series.  These  rest  upon  alternate  beds 
c  Bradford  Clay,  50.  of  oolitic  shelly  lime-stone  and  sand- 
4  Bath  Oolite,  190.         stone,  more  or  less  calcareous,  having 

«  Fuller's  Earth,        140.         partings  of  day:  these  again  upon  beds 
/  Inferior  Oolite,     )  q^^         of  blue  marly  clay,  isMMdiately  undor 
g  Calcareous  Sand,  )  ^^'         which  are  the  thidc  beds  of  the  hght-co* 
loured  oolite  lime-stone  of  Bath.    Be- 
neath these  follow  other  beds  of  Uua 
clay,  with  Fuller's  earth,  baaed  upon 
another  oolitic  lime-stone,  which  is  fol- 
lowed by  slightly  calcareous  sands. 
EzTBNT. — ^This  formation  oommenoes  also  at  the  souUi-westem  extremity  of 
Dorset,  and  runs  north-east,  swelling  out,  here  and  there,  and  in  Gloueester, 
Oxford,  and  Northampton  attaining  a  width  of  15  to  20  miles.    It  oocopieft 
nearly  the  whole  of  these  three  counties,  covers  almost  the  entire  area  of  Rutr 
land,  a  large  portion  of  the  north-east  of  Leicester,  and  then,  in  a  narrow  stripe, 
stretches  north  through  Lincobi,  and  disappears  at  the  Humber.    It  appears 
again  in  the  North  Ridinf  of  Yorkshire,  skirtinr  the  outer  edge  of  the  middle 
oolite,  on  ih»  north  of  which  it  attains  a  brea<uh  of  15  miles,  and  stretches 
across,  with  Utile  interruption,  from  near  Thirsk  to  the  North  sea.    A  small 
patch  of  it  appears  ferther  north,  on  the  south-eastern  coast  of  Sutheriand,  sad 
on  the  east  and  south  of  the  Isle  of  Sky. 

Soil. — It  will  be  understood  firom  what  has  been  already  stated  in  reference 
to  other  formations,  that  one  which  contains  so  many  different  rocks,  as  this 
does,  must  also  present  many  diversities  of  soil.  Where  the  upper  beds  ooma 
to  the  surface,  the  clay-partings  nve  the  character  to  the  soil — forming  a  oalca- 
reous  day,  which,  wlien  dry  or  mined,  is  of  good  quality.  In  other  places  it 
forms  a  close  adhesive  clay,  which  is  naturally  almost  ttenle.  The  Bath  oolite 
weathers  and  crumbles  readily.  The  soil  upon  it  is  thin,  loose,  and  dry.  The 
rook  is  IViU  of  vertical  fissures,  which  csrvy  off  the  water  and  dmia  its  sr^^ 
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When  frae  from  firagmenUi  of  the  rock,  the  soil  it  often  dose  and  impenrioiis, 
and,  though  of  a  brown  colour,  deep,  and  apparently  of  eood  quality,  it  is  really 
worthless,  or,  as  the  farmers  call  it,  dead  and  sleepy.  Most  of  this  land,  how- 
ever, is  in  arable  cultivation.  The  heavy  soils,  which  rest  on  the  day  contain- 
ingr uller's  earth,  are  chiefly  in  pasture. 

The  inferior  oolite  varies  much  in  its  character^  containing,  in  some  places, 
much  lime-stone,  while  in  others,  as  in  Yorkshire,  it  forms  a  thick  mass  or  sandr 
stones  and  clays,  with  occasional  thin  beds  of  coal.  In  Gloucester,  Oxford, 
Northampton,  and  Rutland,  these  lower  beds  form  a  tract  of  land  about  13  miles 
in  width.  The  soil  is  generally  soft,  sandy,  micaceous,  of  a  brown  colour,  and 
of  a  good  fertile  quality.  It  is  deep,  contains  many  fragments  of  the  subjacent 
rock,  is  porous,  and  easily  worked.  Where  the  sand-stones  prevail,  it  is  of  in- 
ferior quality.  In  these  counties  it  is  principally  enclosed,  and  in  arable  culture, 
the  sides  of  the  oolitic  hills  and  the  clayey  portions  being  in  pasture.  In  York- 
shire, much  of  the  unproductive  moor  land  of  the  North  Ridm?  rests  upon  this 
foimation.  Nearly  all  the  arable  land  in  the  county  of  Sutherumd  rests  on  the 
narrow  stripe  of  tne  lower  oolite  rocks  which  occurs  on  iu  south-east  coast. 
The  debris  of  these  rocks  has  formed  a  loamy  soil,  which,  when  well  limed, 
produces  heavy  crops  of  turnips. 

11^.  Lias,  dOO  to  1000  ft*  This  great  deposit  conusts  chiefly  of 

an  accumulation  of  beds  of  blue  clay, 
more  or  less  indurated — interrupted  in 
various  places  by  beds  of  marl,  and  of 
blue,  more  or  less  earthy,  lime-stones, 
which  especially  abouna  in  the  lower 
part  of  the  series.    The  whole  is  fUU  of 
shells,  and  of  the  remains  of  large  ex- 
tinct animals. 
Extent. — ^Wherever  the  lower  oolites  are  to  be  traced  in  England,  the  liaa 
is  seen  coming  up  to  the  surfiice  on  its  northern  or  western  edge,  pursuing  an 
exceedingly  tortuous  north-eastern  course,  throwing  out  m  its  course  many 
anna  (outUers),  and  varying  in  breadth  from  2  to  6  or  10  miles.    It  may  be 
traced  from  the  mouth  of  the  Tees,  in  Yoriuhire,  to  Lyme  Uegis,  in  Dorset,  the 
continuity  being  broken  only  by  the  coal  field  of  Somerset    In  Scotland  and 
Ireland  no  traces  of  this  formation  have  yet  been  detected. 

Soil. — Throughout  the  whole  of  this  formation  the  soil  is  a  blue  clay,  more 
or  less  sandy,  calcareous,  and  tenacidus.  Where  the  lime  or  sand  prevails  the 
soil  is  more  open,  and  becomes  a  loam ;  where  they  are  less  abundant,  it  is  of- 
ten a  cold,  blue,  unproductive,  wet  clay.  This  latter,  indeed,  may  be  given  as 
the  natural  character  of  the  entire  formation.  Where  it  rests  upon  a  gravelly 
or  open  subsoil,  or  contains  a  large  quantity  of  vegetable  matter,  it  may  b« 
cnlu-vated  to  advantage,  and  it  is  found  especially  to  produce  good  herbage,  hi 
all  sttnations,  it  is  an  expensive  soil  to  work,  and  hence  by  &r  the  greater  por- 
tion of  it  is  in  old  pasture.  The  celebrated  dairy  districts  of  Somerset,  Glou- 
cester, Warwick,  and  Leicester,  rest  for  the  most  part  on  the  lias,  as  does  also 
much  of  the  best  grazing  and  pasture  land  in  Nottingham  and  Yorkshire. 
Through  the  long  lapse  ot  time  an  artificial  soil  has  been  produced  on  the  un- 
disturbed sur&ce  of  these  clay  districts,  which  is  pecuUany  propitious  to  the 
growth  of  grass.  With  skilAil  drainage  and  judicious  culture,  it  is  capable  of 
producing  noury  crops  of  wheat 

C— New  Red  Sand-stone  Ststem. 

12<».   Upper  and  Lower  )  .^^  />  "^^  "PP*""  *°^  ^®^*'  red  sand-stones 

iudSand'Stones,  \  ^  consist  of  alternate  layers  of  sand,  sand- 
stones, and  marls  sometimes  colourless. 
butgeneraUyof  ared  colour— sprinkled 
in  the  uppeif^ie^y^idft^^^t  gfe«D 
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spots.    The  lover  beds  are  sometimes 
ildl  of  rolled  pebbles.    Few  of  the  sand- 
stones of  this  formation  are  sufficiently 
hard  to  form  buildinj;  stones— many  of 
the  layers  consist  of  loose  friable  sand, 
and  the  mails  universally  decay  and 
crumble  to  a  fine  red  powder  under  the 
influence  of  the  weather. 
Extent. — ^The  new  red  sand-stone  extends  over  a  largerportion  of  the  surface 
of  EIngland  than  any  other  formation.    It  conunences  at  Torbay,  in  the  south 
of  Devon,  runs  north-east  into  Somersetshire ;  from  Bristol  ascends  both  sides 
of  the  Severn,  accompanies  it  into  the  vale  of  Gloucester,  stretches  along  the 
base  of  the  Malvern  nills,  and  north  of  tlie  city  of  Worcester  expands  into  a 

gently  undulating  plain,  nearly  80  miles  in  width  at  its  broadest  peut,  compre- 
endmg  nearly  tne  whole  of  the  counties  of  Warwick  and  Stafibrd  and  the 
greater  part  of  that  of  Leicester.  From  this  central  plain  it  parts  into  two  di- 
visions. One  of  these  runs  west  over  the  whole  of  Chcshire~-(in  which 
county  it  contains  salt  springs  and  mines  of  rock  salt) — the  western  part  of 
Flint,  and  on  the  south-west  surrounds  the  county  of  Lancashire.  It  is  there 
interrupted  by  the  rising  of  the  older  rocks  in  Westmoreland,  but  re-appears  in 
tlie  eastern  comer  of  this  county,  runs  north-west  throufh  Cumberland,  form- 
ing the  plain  of  Carlisle — and  tnence  round  and  across  the  Solway  Frith  till  it 
finally  oisappears  about  20  miles  north  of  Dumfries.  The  other  arm,  proceed- 
ing fit>m  the  toMrns  of  IDerby  and  Nottingham,  runs  due  north  through  Notting- 
ham and  the  centre  of  Yorkshire,  skirting  the  outer  edge  <^the  lias,  and  finalfy 
disappears  in  the  county  of  Durham  to  the  north  of  the  river  Tees.  The  south- 
em  portion  of  this  arm  has  a  width  of  20  to  30  miles,  until  it  reaches  the  neigh- 
boumood  of  Knaresborou^h,  where  it  suddenly  contracts  to  6  or  8,  and  does 
not  again  expand  to  more  than  10  or  12  miles. 

North  of  Dumfries-shire  these  rocks  are  not  known  to  occur  in  our  island. 
In  the  north-east  of  Ireland  they  form  a  stripe  of  land  a  few  mites  in  width,  run- 
ning from  Louefa  Foyle  to  Lough  Neagh,  and  thence,  with  ^ht  interruptions, 
to  the  south  of  Belfiist. 

Soil.— These  rocks,  by  their  decay,  almost  always  produce  a  deep  red 
soil.  Where  the  red  clay  and  marl  predominate,  this  soil  is  a  red  day  or 
clayey  loam  of  the  richest  quality,  capable  of  producing  almost  every  crop,  and 
remarkable  therefore  for  iu  fertility.  It  is  chiefly  in  arable  culture,  because  of 
the  comparative  ease  with  which  it  is  worked,  but  the  meadows  are  rich,  and 
produce  good  herbage.  Where  the  rocks  are  more  sandy,  and  contain  few 
mariy  bands,  the  soil  produced  is  poorer,  yet  generally  forms  a  good  sandy  loam, 
suitable  for  turnips  and  barley. 

In  Devonshire,  as  in  the  vale  of  Taunton  and  other  localities,  where  the  lias 
and  the  red  sand-stone  adjoin  each  other,  or  run  side  by  side,  the  difference  in 
the  fertility  and  general  productiveness  cif  the  two  tracts  is  very  striking.  On 
the  former,  as  already  observed,  good  old  grass  land  is  seen,  but  the  arable  land 
on  the  latter  produces  the  richest  cund  most  luxuriant  crops  to  be  seen  on  any 
soil  in  the  kin^om.  In  this  county,  and  in  Somerset,  the  only  manure  it  seems 
to  require  is  lime,  on  every  repetition  of  which  it  is  said  to  produce  increased 
crops.  The  same  remains  as  to  its  comparative  fertility,  apply  with  more  or 
less  force  to  the  whole  of  the  lar^  area  occupied  by  this  formation  in  our  island 
— wherever  the  soil  has  been  chiefly  formed  by  the  decomposition  of  the  rock 
on  which  it  rests.  In  some  localities  (Dumfries-shire)  the  miauenvs^  mariy 
rock  is  due  up,  and,  afler  being  crambled  by  exposure  to  a  winter's  frost,  isiedd 
on  with  advantage  as  a  top-dressine  to  grass  and  other  lands. 

In  the  south  of  Lancashire,  and  along  its  western  coast,  and  on  the  shores  of 
the  Solway,  in  Dumfries-shire,  a  great  breadth  of  this  formation  is  covered  with 
peat 
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1Z\  Mggmnan  lame-itam*  The  magneaian  Ume-atoiM  is  gen^ 

rally  of  a  yellow,  somelimes  of  a  grey, 
colour.  In  the  ttpi>er  port  it  ocoaaioo- 
aliy  preeents  itaeu  in  tnin  beds,  which 
emmble  more  readily  when  ezpoaed  to 
the  air.  In  some  places,  alao,  it  asaamee 
a  maily  character,  forming  maaaea 
which  are  soft  and  fiiable ;  in  general, 
howeyer,  it  ia  in  thick  beda,  hard  ana 
compact  enough  to  be  uaed  for  a  build- 
ing atone  or  for  mending  the  roads.  The 
quantity  of  carbonate  of  magneaia  it 
containa  Taneafirom  1  to  45  per  cent. 
It  ia  in  the  north  of  England  generally 
traveraed  by  yerticalfiaaurea,  which  ren- 
der the  auriace  dry,  and  make  water  in 
many  placea  difficult  to  be  attained. 
ExTBNT. — ^The  m^gnesian  UmesUme  atietcnea  in  an  almoat  unbroken  line 
neariy  due  north  from  the  cit^  of  Nottingham  to  the  mouth  of  the  river  Tyae. 
It  ia  m  general  only  a  few  milea  in  width,  ita  principal  expanaion  being  in  the 
ooonty  of  Duriiam,  where  it  attaina  a  breadth  of  8  or  10  milea. 

SoiL.^It  foima,  for  the  moat  part,  a  hilly  country,  covered  by  a  leddiah 
brown  aoil,  often  thin,  li^t  and  poor,  where  it  reata  immediately  on  the  native 
rodt—pioducing  indifferent  herbage  when  laid  down  to  grass,  but  under  akilful 
management  capable  of  yielding  average  crops  of  turnips  and  bariey.  In  the 
eastern  part  of  uie  county  of  Duriuun  tracts  of  the  poorest  land  rest  upon  this 
rock,  but  as  this  formation  is  lor  the  most  part  covered  with  deep  accumulations 
of  transported  materiala— the  quality  of  the  soil  is  in  very  many  places  more 
dependent  upon  the  character  of  this  superficial  covering  than  upon  the  nature 

cf  the  rock  beneath.  

During  the  slow  degradation  of  this  rock,  the  rains  gradually  wash  out  great 
port  of  the  magnesia  it  contains,  so  that  it  seldom  happens  that  the  soil  formed 
horn  it,  though  resting  on  the  parent  rock,  contains  so  much  magnesia  aa  to  be 
neeeasarily  hurtful  to  vegetation. 

D. — CABBONlFSROUa  STaTEM. 

14«.  CoalMeMWts,      300  A.  Consiatineof  alternate  beda  of  faidu- 

nted  bhnah-black  clay  (coal  ahak),  of 

ailiceoua  aand-atone  ^nerally  grey  in 

colour  and  containing  mibedded  planta, 

and  of  coal  of  varioua  qualitiea  and  de- 

greea  of  thickneaa.    Beds  of  lime-stone 

rarely  appear  in  this  formation  tall  we 

approach  the  lowest  part  of  the  series. 

ExTBiTP.— Fortunately  Ibrttie  mineral  resources  of  Great  Britain,  the  coal 

measures  occupy  a  large  area  in  our  island.    Most  of  the  districts  in  which 

they  occur  are  so  well  known  as  to  require  only  to  be  indical^.    The  south 

Wdsh  coal-fieW  occupies  the  south  of  Pembroke,  nearly  the  whole  of  Glamor- 

iran,  and  part  of  Monmouth-shire.    In  the  north  of  Somerset  are  the  coal  mea- 

ium  of  tfcBristol  field,  which  stretch  also  across  the  Severn  into  the  forest  of 

Dean,    In  the  middle  of  the  central  plain  ofthe  new  red  sand-stone,  lie  thecoai- 

fielda  of  Aahby-de-lfrZouch,  of  CWntry,  «^P»^^»  ">^^"J?»  "^4^^ 

borden  are  thoae  of  Shropshire,  Denbigh,  and  Flmt  (North  Walee).    To  Ac 

north  of  thia  plain  extewfc  on  the  right  the  Yoritshire  ooal-field  from  Notttng- 

ham  to  Leeds;  while  on  the  left  is  the  small  coal-field  of  NewcaatU^-under-Lme, 

and  ttie  broader  Lancashire  field  which  crosses  the  country  firom  near  Uverpoid 

toMaaehester.    Afanoat  the  entire  eastern  half  of  the  county  of  Duxham,  and 
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of  the  low  ooimtry  of  Nortfaitmberland,  is  covwsd  with  these  inesBares—Ctit 
the  largest  area  covered  by  these  rooks  is  in  that  part  of  the  low  country  of 
Scotland  which  extends  in  a  north-easterly  direcUon  from  the  west  coast  of 
Ayrshire  to  the  eastern  coast  of  Fife.  They  there  form  a  broad  band,  having 
an  average  breadth  of  30  miles,  interrupted  ofien  by  trap  or  green-stone  rooks, 
yet  lyine  immediately  beneath  the  loose  superficial  matter,  over  the  largest  por- 
tion of  this  extensive  districL  They  do  not  occur  further  north  in  our  island.  In 
Ireland  they  form  a  tnict  of  limited  extent  on  the  nortliem  borders  of  the  county 
of  Monagfaan — cover  a  much  lareer  area  in  the  south-east  in  Kilkenny  and 
Gtueen's  countie»-~and  towards  Uie  mouth  of  the  Shannon,  spread  on  either 
bank  over  a  large  portion  of  the  counties  of  Glare,  Kerry,  and  Limerick. 

Soil. — ^The  soil  produced  by  the  degradation  of  the  sand-stones  and  shales 
of  the  coal  formation  is  universally  of  inferior  quality.  The  black  shales  or 
schists  form  alone  a  cold,  stiff,  ungrateful  clay.  The  sand-stones  alone  form 
thin,  unproductive  soils,  or  barren — almost  naked — heaths.  When  the  clay 
and  sand  are  mixed  a  looser  soil  is  produced,  which,  by  heavy  liming,  by  drain- 
ing, and  by  skilful  culture,  may  be  rendered  modemtely  productive.  In  the 
west  of  the  counties  of  Durham  and  Northumberland,  and  on  the  higher  edges 
of  most  of  our  coal  fields,  there  are  extensive  tracts  of  this  worthless  sand-stone 
surface,  and  thousands  of  acres  of  theimproveable  cold  davs  of  the  shale  beda^ 
These  latter  soils  appear  very  unpromising,  and  can  only  be  rendered  remune- 
ratively^  productive  in  skilful  hands.  They  present  one  of  those  cases  in  which 
the  active  exertions  of  zealous  agriculturists,  and  the  efforts  of  the  friends  of 
agriculture,  might  be  expended  with  the  promise  of  much  benefit  to  the  country, 

15^.  MUUUme  Chit,      600  fi.  This  formation  consists  in  some  lo- 

calities of  an  entire  mass  of  ooarae  sand- 
stone, of  great  thickness — in  othere  of 
alternations  of  sand-stones  and  shales, 
resembling  those  of  the  coal-measure* 
— while  in  othere,  again,  lime-stones, 
more  or  less  siliceous,  are  interposed 
amon^  the  sand -stones  and  shales. 
Extent. — A  larse  portion  of  Devonshire  is  covered  with  these  rocks — they 
form  also  the  high  land  which  skirts  to  the  north  and  west  the  coel-measures  of 
Yorkshire,  Lancashire,  and  Durham,  and  over  which  is  the  firat  ascent  to  the 
chain  of  mountains  that  run  northward  through  these  three  counties.  In  Scot- 
land, they  have  not  been  observed  to  lie  immediately  beneath  any  part  of  the  sur- 
face.   In  the  north  of  Ireland  they  cover  a  considerable  area,  stretching  across 
the  county  of  Leitrim  between  Siigo  and  Loufi;h  Erne. 

SoiL.^The  soils  resting  upon,  and  formed  m)m,  these  rocks  are  generally  of 
a  very  inferior  description.  Where  the  sand-stones  come  to  the  surface,  miles 
of  naked  rock  appear ;  other  tracts  bear  only  heath,  or.  where  the  rains  have 
only  a  paitial  outlet,  accumulations  of  peat  The  shale-beds^  like  those  of  the 
coal-measures,  afford  a  cold,  unproductive,  yet  not  unimproveable  soil— it  is 
only  where  lime-stones  occur  among  them  that  patches  of  healthy  verdure  are 
seen,  and  fields  which  are  readily  susceptible  of  profitable  arable  culture. 

It  is  true,  therefore,  of  this  formation  m  general,  that  the  high  grovrads  form 
extensive  tracts  of  moor-land.  In  the  lower  districu  of  country  over  which  it 
extends^  the  soil  generally  rests  not  on  the  rocks  themselves,  but  on  superficial 
accumulations  of  transported  materials,  which  are  often  of  such  a  kind  as  to 
form  a  soil  either  productive  in  itself  or  capable  of  being  rendered  so  by  skilful 
cultivation. 

10^-  Mauntam      )    ^^  ^  In  this  formation,  as  its  name  implies, 

Idnu-stone.  ^  ^  lime-stone  is  the  predominating  rock. 

U  is  generally  haxo,  blue,  and  more  or 


leM  lidl  of  Ofganic  ranains.    In  Mme 
localities,  it  occore  in  beds  of  vast  thick- 
ness—(Derby  and  YorlGBhire)-~while 
in  others— (]Nortlittmberland)—it  is  £- 
▼ided  into  numerous  layers,  with  inter- 
posed sand-stones  and  Mds  of  shale,  and 
oeeasional  thin  seams  of  coal. 
EzTBNT.— The  greater  portion  of  the  oounties  of  Derby  andNoithombeiland 
are  covered  by  this  formation,  and  finom  the  latter  county  it  stietefaes  along  the 
west  of  Durham  throu^  Yoikshire  as  fiir  as  Preston^  in  Lancashire— forming 
the  mountains  of  the  well  known  Pennine  chain,  which  throw  out  spurs  to  the 
east  and  west,  and  thus  present  on  the  map  an  irregular  outline  and  varying 
breadth  of  country.    In  Scotland  these  rocks  cover  only  a  small  portion  of  the 
county  of  Berwick,  immediately  on  the  Border;  but  in  Ireland,  lumost  the  en- 
tire central  part,  forming  upwards  of  one-half  of  the  whole  islajxl,  is  occupied 
by  the  mountain  Ume-stone  formation. 

Soil. — From  the  slowness  with  which  this  rock  decays,  many  parts  of  it  are 
quite  naked;  in  others,  it  is  covered  with  a  thin  light  porous  soil  of  a  brown 
colour,  which  naturally  produces  a  short  but  thick  ana  sweet  herbage.  Mueh 
of  the  mountain  lime-stone  country,  therefore,  is  in  natural  pasture. 

Where  the  lime-stones  are  mizea  or  interstratiied  with  shale  beds,  which  de- 
cay more  easily,  a  deeper  soil  is  found,  espeeiaUy  in  the  hollows  and  towards 
the  bottom  of  the  valleys.  These  are  often  stan  and  naturally  c<4d,  but  when 
well  drained  and  limed  produce  excellent  crops  of  every  kind.  In  Northumber- 
land, much  of  the  mountain  lime-stone  country  is  still  in  moor-land,  but  the  ex- 
cellence of  border  farming  is  mduaUy  rescuing  one  improveable  spot  after  ano- 
ther firom  the  hitherto  unprocbictive  waste.  In  Yoricshire  and  Devonshire  also 
improvements  are  more  or  leas  extensively  in  progress,  though,  in  all  these  die- 
tacts,  there  are  large  tracts  which  can  never  be  re-claimed. 

E. — Old  Red  Sand-stone  or  Dbvonia.v  System. 

17°.  Old  Bed  Sand'  }      500  to  The  upper  part  of  this  formation  con- 

$Ume.                \  10,000/2.  "i*^  of  red  sand-stones  and  eonelomeiv- 

Old  Red  Conglomerate.  ^  (indurated  sandy  gravel),  the  mid- 

Corn-stone  and  Marls.  die  of  spotted,  red  and  green  clayw 

«— —        Tile-stone.  maris,  with  irregular  layers  of  hard,  o^- 

ten  impure  and  siliceous  lime-stones 
(oomstones^  likewise  mottled,  and  the 
lowest  of  thin  hard  beds  of  siliceous 
sand-stones,  sometimes  calcareous,  mot- 
tled, and  splitting readtly  into  thin  flags 
(tile-stones). 
fisrnrr^— Thou^  ocoaaiofnally  of  vast  thickness,  the  old  red  sand-stone  does 
notooevqpy  a  very  extensive  area  in  our  island.     In  the  south  of  Pembroke  it 
Ibims  a  tract  of  land  on  either  side  of  the  coal-field — surrounds  on  the  north  and 
«ast  the  coal-field  of  Glamorgan,  and  immediMehr  north  of  this  county  covers  a 
large  area  comprehending  the  greater  portion  of^  Brecknock  and  Hexeford,  and 
part  of  Moimiouth.    A  small  patch  oceure  in  the  Isle  of  Anglesey,  and  in  the 
north-eastern  comer  of  Westmoreland— but  it  does  not  again  present  itself  tfll 
we  reach  the  western  flank  of  the  Cheviot  Hills.    It  there  appears  on  either 
aide  of  the  Tweed,  and  extends  over  a  portion  of  Berwick  and  Roxburgh  to  the 
iMse  of  the  Lammennuirs.    On  the  north  of  the  same  hills  it  again  presents  it- 
•d^  and  stretching  to  the  south-west,  forms  a  considerable  tract  of  country  in 
the  counties  of  Haddington  and  Lanaric.    On  the  north  of  the  atex  Scottiah 
ooal-fiekl  it  forms  a  broad  band,  which  runs  completely  across  the  island  in  a 
■outb-westem  direction  along  the  foot  of  the  Ghrampians,  finom  Stonehaven  to 
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the  Filth  of  ClfdB.  is  lobe  dito^vwad  in  the  Itlaad  of  Ama,  and  at  the  MuO 
of  Cantire,  and^-^ong  the  prolongation  of  the  aame  line-^at  ▼ariona 
the  noithera  flank  of  the  great  mountain  lime-atone  fonnation  of  be 
especiallv  in  the  counties  of  Tyrone,  Fermanagh,  and  Monagfaan.  In 
north  of  Scotland,  it  lines  either  shore  of  the  Moray  Fifth,  skiiU  the  coast  to- 
wards Caithness,  where  it  covers  nearly  the  whole  county,  and  still  further 
north,  fonns  the  entire  sur&ee  of  the  Shetland  Islands.  Along  the  north-was^ 
«n  ooast,  it  also  appean  in  detached  patches  till  we  reach  the  soathem  ex- 
treminr  of  the  Isle  of  Sky. 

In  ueland,  it  occurs  also  on  the  extreme  southern  edge  of  the  mountain  limo- 
stone,  in  Waterford  and  the  neighbouring  eonntiea— and  in  the  middle  of  this 
formation  on  the  vop^ptr  waters  oif  the  Shannon,  in  the  south  of  Biayo,  and 
round  the  base  of  the  slate  mountains  of  Tipperary. 

Soil. — The  soil  on  the  old  red  sand-stone  admits  of  very  nearly  the  sane 
Tariations  as  on  the  new  red  sand-stone  formation.  Where  it  is  formed,  as  in 
parts  of  Pembroke,  from  the  upper  sand-stones  and  conglomerates,  it  is  either 
worthless  or  it  produces  a  poor  nungry  soil,  *' which  eats  all  the  manure,  and 
drinks  all  the  water."  These  upper  rocks  are  sometimes  so  siliceous  as  to  be 
almost  destitute  both  of  lime  and  elay— in  such  cases,  the  soils  they  form  are 
almost  Talueless. 

The  marly  beds  and  lime-stones  of  the  second  division,  yield  warm  and  rich 
soils — such  as  the  mellow  lands  of  Herefordshire,  and  the  best  in  Brecknock 
and  Pembroke  shires.  The  soil  in  ^^^  distinct  varies  according  as  the  partings 
of  marl  are  more  or  less  numerous.  These  easily  cromble,  uid  where  they 
abound  form  a  rich  stiff  wheat  soil — like  that  of  East  Lothian  and  parts  of  Ber- 
wickshire ;— where  they  are  less  fteouent  the  soil  is  lighter  and  orodoces  excellent 
turnips  and  barley.  Where  the  suoeoil  is  porous,  this  land  is  peculiarly  fo- 
▼ouraUe  to  the  erowth  of  fruit  trees.*  The  apple  and  the  pear  are  largely  grown 
in  Hereford  and  the  neighbouring  counties,  long  cdebraled  for  the  en&r  and 
peny  they  produce. 

The  tile-stones  reach  the  surfiioe  only  on  the  northern  and  western  edges  of 
this  formation  in  England.  In  Ajnrshire,  in  Lanarkshire,  in  Ross-shire,  and  in 
Caithness,  larger  tracta  of  land  rest  on  these  lower  beds.  In  all  these  distiiols 
rich  com  lands  are  produced  from  the  rocks  of  the  middle  series.  The  fertility 
of  Strathmore  in  Perthshire,  and  of  other  Tallies  upon  this  fonnation,  is  weU 
known— Easter  Ross  and  Murmv  have  been  called  the  granary  of  Scotland, 
and  even  in  Caithness  rich  corn-oearing  (oat)  lands  are  not  unftcquent  Y«t 
in  the  immediate  neighbourhood  of  these  nch  lands,  tracts  of  tilo-stone  country 
occur,  which  are  either  covered  with  useless  bo^  (Ayrshire  and  Lanarkshire), 
or  with  a  thin  covering  of  soil  which  is  almost  incapable  of  profitable  culture. 
In  this  latter  condition  is  the  moor  of  Beauly  on  the  Cromarthy  Firth,  an  area 
of  50  sfiuare  miles,  which,  till  within  a  few  yeara,  lay  as  an  unclaimed  common 
— and  in  the  county  of  Caithneas  still  more  extensive  tracts. 

In  South  Deron  and  pan  of  Cornwall  a  vcvy  fertile  district  rests  also  on  the 
middle  series  of  these  rocks.  Instead  of  red  sand-stones,  however,  the  eonntiy 
there  consists  of  green  slates,  more  or  less  siliceous,  of  sand-stones  and  of  lime- 
stones, which  by  their  decay  have  formed  a  very  productive  soil.  These  rooks 
in  the  above  counties  abound  in  fossil  remains,  and  it  is  chiefly  for  this  leaacn 
that  the  term  DntmuM  has  been  applied  to  the  rooks  of  the  old  red  sand-siona 
formation. 

^  The  moat  louny  of  these  red  sons  or  Hereford  sflbrd  the  floeste 

Ad  bear  the  most  prolific  epplo  uid  pear  trees,  whilet  the  whole  i_ , .  ^  «^ 

heavier  claveT  tracu)  Is  renowned  for  the  production  of  the  eturdieat  oaks,  which  so  aboand 
lyled  the  «  weeds  of  Herefordshire."    Thus,  though  this  rettoD  contains  no  seines, 


♦  The  Biost  loamy  of  these  red  eoils  of  Hereford  aflbrd  the  floeatereps  oTwliestaad  hops, 
and  bear  the  most  prolific  apple  and  pear  trees,  whilst  the  whole  raglon  (emtoeotly  In  Uw 
heavier  claveT  tracts)  Is  renowned  for  the  production  of  the  sturdiest  oaks,  which  so  aboand 
M  to  be  styled  the  «  weede  of  Herefordshire."  Thus,  though  this  region  contains  no  mines, 
the  GomposWon  of  Its  roeks  Is  directly  productive  of  its  grest  agrieoHnnl  weaitti.-lAardZ 
sow,  aonrian  Bystem,  L,  p.  19& 
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III.  PsniAftT  Stmata.— lo  theie  rodw  slalM  aboond,  and  Kme- 
■tooes  ara  more  rare.  Organic  remaiiu  are  alio  leas  freaueotly  met 
with  than  in  the  superior  rocks.  These  remains  belong  all  to  extinct 
species,  the  greater  part  to  extinct  genera  and  families,  and  are  frequent- 
ly so  wholly  unlike  to  existing  races  that  it  is  often  difficult  to  trace  any 
resemblance  between  the  animals  which  now  live  and  those  which  appear 
to  have  inhabited  the  waters  of  those  ancient  periods. 

P.— Silurian  System. 

18®.  Ufper  SUwrian.    3800^2.  The  upper  Lndlow  roeka  consist  of 

lo.  Lomow  FoaMATiON.  sandrstoaes  more  or  iMsealcareoos  aod 

a  Upper  Ludlow  1  aiyllaceous.    Thess  Mt  upon  hard, 

*  Ay^siryLune-stoneJaOOO     •fJ^h^lmlnOat^ 

e  liwcr  Ludlow  )  rAymestry  Wstones.)     The  lower 

^  Ludlow  rocks  are  nmuMs  of  Bbaie  more 

9p.  Wenlocx  fobmation.  ftee  from  lime  and  sand  than  the  upper 

a  Ljme-stone  J  ^gp^     beds,  andfiom  the  mode  m  which  they 

^  ^t^^'^  y  decay  into  mnd  am  locally  known  by 

the  name  of  "  mud-stones/ 

The  Wenloek  or  Dudley  fonnation 

oonaists  in  the  upper  part  of  a  great 

thickness  of  lime-stone  beds  often  ai^l- 

laeeoua,  end  abounding  in  the  remains 

of  marine  animals;  and  in  the  lower 

put  of  thick  beds  of  a  dull  clayey  shale 

— ^in  its  want  of  cohesion,  ana  in  its 

mode  of  decay,  very  much  resembling 

the  mudntUmet  of  Ludlow. 

ExTEifT.— The  principal  seat  of  these  rocks  in  our  island  is  in  the  eastern 

counties  of  Wales,  where  they  lie  immediately  beneath  the  suiftce  over  the 

eastern  half  of  Radnor,  and  the  north  of  Montgomery. 

Soil. — The  prevailing  character  of  the  soils  upon  these  foimations  is  derived 
Ihxn  the  shales  and  mud-stones — and  from  the  earthy  layera  of  the  sand-stones 
and  lime-stones  which  decav  more  readily  than  the  purer  masses  of  these  rocks. 
The  traveller  is  immediately  struck  in  passii^  fhnn  the  rich  red  marls  and 
davs  of  the  old  red  sand-stone  in  Hereford,  on  to  the  daric,  ahnost  blaek,  soils 
of  the  upper  and  lower  Ludlow  rocks  in  Radnor,  not  merely  by  the  change  of 
colour,  but  kj  their  obviously  diminished  value  and  productiveness.  The  up- 
per Ludlow  18  crossed  by  many  vertical  cracks  and  assures,  and  tliusj  though 
clayey,  the  soil  which  rests  upon  it  is  generally  dry,  and  susceptible  of  cultiva- 
tion. 

Not  so  the  muddy  soils  of  the  lower  Ludlow  and  Wenloek  rocks.  They  are 
genenfiy  more  or  less  impervious  to  water,  and  being  subject  to  the-dramaae 
of  the  upper  beds,  form  cold  and  comparatively  unmanageable  tracts.  It  is  only 
where  the  mtermediate  time-stones  (Aymestry  and  Wenloek  lime-stones)  come 
to  the  sur&ce  and  mingle  their  debris  with  those  of  the  upper  and  lower  rocks, 
that  the  stiff  clays  become  ciq>able  of  bearing  excellent  crops  of  wheat.  This 
fact,  however,  indicates  the  method  by  which  the  whole  of  these  cold  wet  clays 
migfat  be  greatly  improved.  By  perfect  artificial  draiwtte  and  copious  limeing, 
the  unproductive  soils  oi  the  lower  Ludlow  and  of  the  Wenloek  shales  might  be 
converted  into  wheat  lands  more  or  less  rich  and  fertile.  It  unfortunately  hap- 
pens, however,  that  in  those  districts  of  North  and  South  Wales,  where  the 
daric  grey  or  black  "rotchf'*  land  of  the  mud-stones  prevails,  lime  is  often  so 
searee,  or  has  to  be  brought  from  so  great  a  distaBos,aa  to  render  this  means  of 
iaqpravement  ahnost  unaftainable. 
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19^.  LiMer  SUttriafi.    Z700JL  THe  Candoe  beds  eonnit  of  tliiek 

Caradoc  Sand-8ton«s    3800      l^jm  0f  mn^r40ooe  ci  ywcw  ttAenn, 
LkSdSoRagB  SoO      «eaungypoi^aiidojr««riby  a^^ 

J..RU1UOUU  *T  las"  **w      ^,,|<,n^y  intentrau6fid  with,  thm  beds 

of  impure  Ume-atone.    The  LiandiHlo 
flajgs  which  lie  beneath  them  consist  of 
thin  calcareous  strata,  in  some  locali- 
ties alternating  with  sand-stones  and 
shales. 
Extent.— These  rocks  form  patches  of  land  in  Shrofwhire  and  the  north  of 
Montgomery— and  ddrt  the  southern  and  eastern  edes  of  Caermofthen.    None 
of  the  Silurian  rocks  hafe  yet  been  found  to  extend  over  any  large  poition  of 
either  Scotland  or  Ireland. 

Soil. — The  Caradoc  sand-stone,  when  free  from  lime,  produces  only  a 
niJced  surfttce  or  a  barren  heath.  The  Llandeilo  flags  form  a  feitile  and  arable 
soil,  as  may  be  seen  in  the  south  of  Caennarthen,  where  they  are  best  devel- 
oped, and  especially  on  the  banks  of  the  Towey,  which  for  many  miles  before 
it  reaches  the  town  of  Caermarthen  runs  over  this  formation. 

In  this  formation,  as  in  every  other  we  have  yet  studied,  the  soil  chances  im* 
mediately  on  the  appearance  of  a  new  rock  at  the  surface.  The  soil  of  the 
Wenlock  shale  is  sometimes  more  sandy  as  it  approaches  the  Caradoc  beds, 
and  on  favourable  slopes  forms  good  arable  land  and  sustains  luxuriant  woods, 
but  where  the  Caradoc  sand-stones  reach  the  surfsce,  a  wild  heath  or  poor 
wood>land  stretches  over  the  country,  until  passing  over  their  edges  we  reach 
the  lime-containing  soils  of  the  Llandeilo  flags,  when  fertile  arable  lands  and 
lofty  trees  again  appear.* 

Q.-— Cambrian  System. 

20°.   Upper  ^  Lower  Cam-  \  These  rocks,  which  are  many  thou* 

orian  Socks*  \  ^^^^  yards  in  thickness,  consist  chiefly 

of  thin  slates,  often  hara  and  cleaving 
readily,  like  roofing  slates,  occasionally 
interminded  with  sandy  and  thin  lime- 
stone beds.    They  contain  few  organic 
remains. 
Extent.— These  rocks  cover  the  whole  of  Cornwall,  part  of  North  and 
South  Devon,  the  western  half  of  Wales,  the  entire  centre  of  the  Isle  of  Man, 
and  a  large  part  of  Westmoreland  and  South  Cumberland.    In  Scotland,  they 
form  a  band  between  30  and  40  miles  in  width,  which  crosses  the  island  from 
the  Mull  of  Galloway  to  St  Abbs  Head.    They  form  also  a  narrow  stripe  of 
land,  which  recrosses  the  island  along  the  upper  edge  of  the  old  red  sand-stone 
from  Stonehaven  to  the  Isle  of  Bute,  and,  fumier  north,  spread  over  a  consider- 
able portion  of  Banffshire.    In  the  south-west  of  Ireland  they  attain  a  great 
breadth,  are  narrower  at  Waterford,  but  form  a  broad  band  along  the  granite 
mountains  from  that  city  to  Dublin.    They  extend  over  a  large  portion  of  the 
counties  of  Louth,  Cavan,  Mona^han,  Armagh,  and  Down, — ^form  a  narrow 
stripe  also  along  the  coast  of  Antrim  as  far  north  as  the  Giant's  Causeway.-— 
and,  in  the  interior  of  Ireland,  re-appear  in  the  mountainous  district  of  Tip- 
perary. 

Soil. — The  predominance  ofslatjr  rocks  in  this  formation  imparts  to  the  soils 
of  the  entire  surface  over  which  tncy  extend  one  common  clayey  character. 
They  generally  form  elevated  tracts  of  country,  as  in  Wales,  Cumberland, 
Scotland,  and  Ireland,  where  the  rigours  of  the  climate  combine  with  the  fire- 
quent  thinness  and  poverty  of  the  soil  to  condeom  extensive  districts  to  wort^ 

■och  a  pusife  flnom  one  forflMtloa  lo  snolher  Is  exhibited  In  the  dtafratns  iDseited  ki 
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taw  hwOi  or  to  ^dely  extended  bogs.  Yet  the  slate  rocks  themsclycs,  especi- 
ally when  they  happen  to  be  calcareous,  are  capable  of  producing  fertile  soils. 
Such  are  found  in  the  ralleys,  on  the  hill  sides,  and  by  the  margins  of  the  lakes 
that  are  often  met  with  in  the  slate  districts.  More  extensire  stripes  or  bands 
of  such  productive  land  occur  also  at  lower  levels,  as  in  the  north  of  Devon,  and 
in  the  south  of  Cornwall  In  the  latter  county,  the  soils  on  the  hamJtilende  date 
(which  lies  near  the  bottom  of  Uie  slale  sene8)are  extremely  fertile,  exhibiting  a 
striking  contrast  with  those  which  are  formed  from  the  nei^bouhng  Seipenune 
rocks,  mat  extend  over  a  large  area  immediately  north  of  the  Lizard  ^see  p.  365.) 

Where  the  clay-slate  soils  occur,  tiberefore,  however  cold  and  stiff  they  may 
be,  a  fiivourable  climate,  drainage,  if  necessaxy,  and  lime,  either  natarally  pib- 
•ent,  or  artificiaUy  added,  appear  to  be  the  first  requiaftes  to  insure  fertility. 

The  mode  in  which  these  rocks  lie,  or  the  degree  of  iocUnation  which  the 
beds  exhibit,  exercises  an  important  influence  upon  the  agricultural  character 
of  the  soils  that  rest  upon  them.  In  the  diagram  insened  in  page  238,  the 
rocks  (A)  represent  the  highly  inclined,  often  nearly  vertical  position,  in  which 
the  slate  rocks  are  most  frequently  found.  The  soil  formed  from  them  must, 
therefore,  rest  on  the  thin  ed<^s  of  the  beds.  Thus  it  happens  in  many  lo- 
calities that  the  rains  carry  down  the  soluble  parts  of  the  soil  and  of  the  manure 
within  the  partings  of  the  slates— and  hence  the  lands  are  hungry  and  unprofit- 
able to  work. 

On  the  slopes  of  the  clay  slate  hills  of  the  Cambrian  and  Silurian  systems, 
flourish  the  vineyards  of  the  middle  Rhine,  the  Moselle,  and  the  Ahr« 

H. — ^Mica-Slate  and  Gweiss  Systems. 
21®.  Mica-Slate,  Oneisa  Rock.  The  upper  of  these  formations  con- 

sists of  tmn  undulatinglayers  of  rock, 
consisting  chiefly  of  quartz  and  mica, 
alternating  occasionally  with  green 
(chlorite)  slates,  common  clay-slates, 
quartz  rock  and  hard  crystalhne  lime- 
stones.   The  g[neiss  is  a  hard  and 
solid  rock  of  a  similar  nature,  consist' 
ing  of  many  thin  layers  distinctly  vi- 
sible, but  nrmly  cemented,  and  as  it 
were  half-melted  together. 
Extent.— Two-thirds  of  Scotland,  comprehending  nearly  the  whole  country 
north  and  west  of  the  Grampians,  consist  of  these  rocks.    In  England  there 
is  only  a  small  patch  of  mica  slate  about  Bolt  Head  and  Start  Point  in  South 
Devon,  and  a  somewhat  larger  in  Anglesey ;  but  in  Ireland,  nearly  the  whole 
of  the  counties  of  Donegal  and  Londonderry  on  the  north,  and  a  large  portion 
of  Mayo,  Connaught,  and  Galway,  on  the  west,  are  covered  by  rocks  befonging 
to  the  mica  slate  system. 

Soils.— These  rocks  are,  in  ^neral,  harder  still  than  those  of  the  Cambrian 
system,  and  still  more  impervious  to  water,  when  not  highly  inclined.  They 
crumble  slowly,  therefore,  and  imperfectly,  and  hence  are  covered  with  thin 
soils,  on  which,  where  good  natural  drainage  exists,  a  coarse  herbage  springs, 
and  from  which  an  occasional  crop  of  com  may  be  reaped — but  on  which,  where 
the  water  becomes  stagnant,  extensive  heaths  and  bogs  prevail.  That  they 
contain,  when  perfectly  decomposed  and  mellowed,  the  materials  of  a  fertile  soil, 
is  shown  by  the  richness  of  many  liule  patches  of  land,  that  occur  in  the  shel- 
tered valleys  of  the  Highlands  of  Scotland,  and  by  the  margins  of  its  many 
lakes.  In  general,  however^  the  mica-slate  and  gneiss  countnrisso  elevated 
that  not  only  does  an  ungemal  climate  assist  its  natural  unproductiveness,  but 
the  frequent  rains  and  rapid  flowing  rivers  bear  down  to  the  bottoms' of  the  val- 
lies  or  forward  to  the  sea,  much  of  the  finer  matter  produced  by  the  decay  of  the 
rocks, — leaving  only  a  poor,  thin,  sandy  soil  behind. 
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On  ihMft  hard  dtfta  and  mmm  loek*  eztenam  fine  ftrato  ia  Svtdn  and 
Norway  have  long  lived  ana  died.  In  theae  countnea  it  ia  cuaComary  in  many 
iplacea  to  bum  down  the  wood,  to  atrew  the  aahea  orer  the  thin  aoil,  to  hanow 
u  the  aead—to  reap  thua  one  or  two  harveataof  lye,  and  to  abandon  it  again  to 
nature.  A  ^rove  of  beech  iiiat  apringa  up,  which  ia  aupplantad1>y  an  after- 
growth of  pina,  and  finally  dia^ipiBara. 


Such  ia  a  general  deacriptioo  of  the  nature  and  order  of  ancceaaioD  of 
the  atratified  rockav  aa  they  occur  in  Great  Britain  and  Ireland— of  the 
relative  areaa  over  which  they  aeverally  appear  at  the  aurftce— «nd  of 
the  kind  of  aoila  which  they  produce  by  their  natural  decay.  The  oon- 
•hleration  of  the  facta  above  stated,*  snows  bow  very  much  the  fertility 
of  each  district  is  dependent  upon  its  geological  structure— -how  much  a 
previous  knowledge  of  that  structure  is  fitt^  to  enlighten  us  in  regard  to 
the  nature  of  the  soils  to  be  expected  in  any  district— 4o  explain  anoma- 
lies also  in  regard  to  the  unlike  agricultural  capabilities  of  soils  appar- 
ently similar-^to  indicate  to  the  purchaser  where  good  or  better  lands 
are  to  be  expected,  and  to  the  improver,  whether  the  means  of  amelio- 
rating bis  sml  by  limeing,  by  marling,  or  by  other  judicious  admixture, 
are  likely  to  be  within  bis  reach,  and  in  what  direction  they  are  to  be 
sought  for.  There  still  remain  some  important  branches  of  this  subject 
to  which,  at  the  risk  of  fatiguing  you,  it  will  be  my  duty  briefly  to  draw 
your  attention  in  the  following  MCture. 

*  For  much  of  Uie  pracdcsl  InlbnnaUon  contminad  in  Chii  Mclion,  I  have  to  expraM  my 
obllgBdoiM  u>  the  following  works:— Fbr  the  extreme  aoQlhein  eoondes,  to  De  Le  Beetae'e 
€teolagicid  Report  on  Cormeall  trndlMvan;  and  to  a  paper  br  Sir  Cbailee  Lenon,  Bait,  on 
Um  A^riatUvrai  Produce  ^  OmmaU  ,-<~-for  Walee  and  Uie  Border  counUea,  to  Murchtaon'e 
SOuruan  <^fem/— lor  Uie  Midland  eoontiea  of  England,  to  Bforton  on  iSMb,  a  work  I  have 
In  a  preTloua  noto  reconmended  to  Um  attention  orthe  reader ;  for  Toriublre,  to  a  paper  bj 
Sir  John  Johnaton.  Bart,  in  the  Jowmal  of  the  Ro^  AgricuUuna  atdetg  ;--«nd  for  Uie  Old 
Red  Baad.«one  of  the  noith  of  ScoUawC  to  the  toty  Intereeflng  Uttle  work  of  Mr.  Miller  on 
The  ad  Red  JBmkMone,  The  reader  would  read  the  above  eecdon  with  nuch  greaicr 
profit  If  he  were  prertooely  to  poweae  himself  of  PhUUp'a  OulUm  Map  of  the  QeUagy  of  the 
mitiek  Mamie, 
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LECTURE  XII. 

rom^NMltJon  of  tbograoitie  rocks  and  of  their  ceofltUuenC  iiiJaexBl»--0Ui8e  and  made  of 
thetr  degradaiion— Soils  derived  from  them— Saperficfal  accuinalaflons— Their  mfluenea 
Dpon  the  character  of  the  toll»-Oiiaate  oonstttoents,  otdmaie  ehenlca]  eoosUtotloD.  aad 
pkjaUMl  properties  of  soils. 

It  has  been  stated  in  the  preceding  Lecture,  ({  6,  p.  237),  that  the  rocks 
which  present  themselves  at  the  surface  of  the  earth  aro  of  two  kinds, 
distinguished  by  the  terms  itratified  and  unstratijied.  The  former 
crumble  away,  in  general,  more  rapidly  than  the  latter,  and  form  a  va- 
riety of  soils  of  which  the  agricultural  characters  and  capabilities  have 
beeu  shortly  explained.  The  uostratified  or  crystalline  rocks  form  soils 
of  so  peculiar  a  character  and  possessing  agricultural  capabilities  in 
general  so  diOerent  from  those  of  the  stratS&ed  rocks  which  occur  in  the 
same  neighbourhood,  and  they,  besides,  cover  so  large  and  liitherto  so 
unfruitful  an  area  in  our  island,  as  to  entitle  them  to  a  separate  and 
somewhat  detailed  consideration. 

§  1.  Ck^mposition  of  the  Chranitie  Rocks, 
The  name  of  ChanUe  is  given  by  mineralogists  to  a  rock  consisting  of 
a  mixture  more  or  less  intimate  of  three  simple  minerals — Quartz^  Mica, 
and  Felspar.  When  Mica  is  wanting,  and  Hornblende  occurs  in  its 
stead,  the  rock  is  distinguished  by  the  name  of  Syenite,  This  mineral- 
ogical  distinction  is  often  neglected  by  the  geologist,  who  describes  large 
tracts  of  country  as  covered  by  granitic  rocks,  though  there  may  be 
many  hills  or  mountains  of  syenite.  In  a  ideological  sense,  the  distinc- 
tion IS  often  of  little  consequence;  in  relation  to  agriculture,  however, 
the  dbiinction  between  a  granite,  and  a  syenite  is  of  considerable  im- 
portance. 

The  minerals  of  which  these  rocks  consist  are  mixed  together  in  very 
variable  proportions. .  Sometimes  the  quartz  predominates,  so  as  to  con- 
stitute two-thirds  or  three- fourths  of  the  whole  rock,  sometimes  both 
mica  and  quartz  are  present  in  such  small  quantity  as  to  form  what  is 
then  called  a  felspar  rock.  The  mica  rarely  exceeds  one-sixth  of  the 
whole,  while  the  hornbleade  of  the  syenites  sometimes  forms  nearly 
one  half  of  the  entire  rock.  These  diflferences  also  are  often  overlooked 
by  the  geologist — though  they  necessarily  produce  important  diflferences 
in  the  composition  and  agricultural  characters  of  the  soils  derived  from 
the  crystalline  rocks. 

A  few  other  minerals  occur  occasionally  among  the  granitic  rocks,  in 
sufficient  quantity  to  affect  the  composition  of  the  soils  to  which  they 
give  rise.  Among  these,  the  different  varieties  of  tourmaline  are  in 
many  places  abundant.  Thus  the  schorl  rock  of  Cornwall  consisu  of 
quartz  and  schorl  (a  variety  of  tourmaline),  while  crystals  of  schorl 
are  to  frequently  found  in  the  granites  of  Devon,  Cornwallt  and  the 
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Scilly  Isles,  as  to  be  considered  characteristic  of  a  very  large  portion  of 
them  (Dr.  Boase). 

These  rocks  decay  with  Tery  different  degrees  of  rapidity  -accord* 
ing  to  the  proportions  in  which  the  several  minerals  are  present  in 
them,  and  to  the  pecoJiar  stale  of  hardness  or  aggregatioo  in  which  they 
happen  to  occar.  Both  the  mode  of  their  decay,  however,  and  the  cir- 
cumstances under  which  it  takes  place,  as  well  as  the  character  and 
composition  of  the  soils  formed  from  them,  are  materially  dependent 
upon  the  compontion  of  the  several  minerals  of  which  the  rocks  consist. 
This  composition,  therefore,  it  will  be  necessary  to  exhibit. 

1°.  Quartz  has  already  been  described  (p.  206),  as  a  variety  of  silica 
—the  substance  of  flints,  and  of  siliceous  sands  and  sand-stones.     In 

{(ranite,  it  oAen  occurs  in  the  form  of  rock  crystal,  but  it  is  more  frequeot- 
y  disseminated  in  small  particles  throughout  the  rocky  mass.  It  is 
hard  enough  to  scratch  class. 

2^.  Fel^mr  is  eenerally  colourless,  but  is  not  unfrequently  reddish  or 
flesh-coloured.  On  the  colour  of  the  felspar  they  contain,  that  of  the 
granites  most  frequently  depends.  Several  varieties  of  this  mineral  are 
known  to  collectors.  Besiaes  the  common  felspar,  however,  it  is  only 
necessary  to  specify  AlbiUt  which,  in  appearance,  closely  resembles  fel- 
spar, often  takes  its  place  in  granite  rocks,  and  In  chemical  constitution 
differs  from  it  only  in  containing  soda,  while  the  common  felspar  con- 
tains potash.  These  two  minerals  are  readily  distinguished  from  quartz 
by  their  inferior  hardness.  They  do  not  scratch  glM,  and,  in  general, 
may  easily  be  scratched  by  the  point  of  a  knife. 
They  concist  respectively  of— 

Felspw.  Albile. 

Silica    ....    65-21  69*09 

Alumina    .     .    .     18*13  19-22 

Potash  ....     16*66  — 

Soda     ....       —  11*69 

100*00  100*00 

It  is  to  be  observed,  however,  that  these  minerals  do  not  generally  oc- 
cur in  nature  in  a  perfectly  pore  state— for  though  they  do  not  essential- 
ly contain  either  lime,  magnesia,  or  oxide  of  iron,  they  are  seldom  found 
«iri(hout  a  sm*ll  admixture  of  one  or  more  of  these  substances.  It  is  also 
found  that  while  pure  felspar  contains  only  potash,  and  pure  albite  only 
soda,  abundance  of  a  kind  of  intermediate  mineral  occure  which  contains 
both  potash  and  soda.  Such  is  the  case  with  the  felspar  of  the  Siebenge- 
birge,  onthe  right  bank  of  the  Rhine  (Berthier),  and  with  those  con- 
tained in  the  lavas  of  Vesuvius  and  the  adjacent  paru  of  Italy  (Abich). 

In  these  two  minerals  the  silica  is  combined  with  the  potash,  soda, 
and  alumina,  forming  certain  compounds  already  described  under  the 
name  otrilieaUt  (p.  207). 

Felspar  oonnsts  of  a  silicate  of  alumina  combined  with  a  silicate  of 
potash.  Albite  of  the  same  silicate  of  alumina  combined  with  a  silicate 
of  soda, 

3<J.  Mica  generally  occurs  disseminated  through  the  granite  in  small 
shining  scales  or  plates,  which,  when  extracted  from  the  rock,  split  readi- 
ly mto  numerous  inconceivably  thin  layers.    It  sometimes  occura  also 
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in  laige  mawee^  and  is  of  vanotts  coIour»— whita,  gray,  brown,  men. 
and  black.  It  is  soft  and  readily  cut  with  a  knife.  The  tbin  shining 
particles  that  occur  in  many  sand- stones,  and  especially  between  the 
partings  of  the  beds,  and  give  tbeni  what  is  called  a  micaoeoMS  charac- 
ter, are  only  more  or  less  weathered  portions  ofthn  mineral. 

Mica  also  consists  of  silicates,  though  its  constitntioo  is  nd  always  so 
simple  as  that  of  felspar.  Id  some  varieties  magnesia  is  present,  whilst 
in  others  it  is  almost  wholly  wanting,  as  is  shewn  by  the  following  com- 
position of  two  specimens  nom  diflerent  localities. 

PMaah.  MacDMho. 

Mica.  itlea. 

46-10  40-00 

31«60  12-67 

8*65  19.03 

—  16-70 

8-39  5*61 

1*40  0-63 

1-12  210 

1-00   Titanic  Acid  1*63 


Silica  .... 
Alumina  .  .  . 
P rot-Oxide  of  Iron 
Magnesia  .  •  • 
Potash  .... 
Oxide  of  Magnesia 
Fluoric  Acid  .  . 
Water  .    •    •    • 


98-26  .    97-37 

If  we  neglect  the  three  last  substances,  which  aie  present  only  in  small 
quantities,  and  recollect  that  the  silica  is  m  ambmalian  with  all  the 
other  subMances  which  stand  beneath  it,  we  see  that  these  varieties  of 
mica  consist  of  a  silicate  of  alumina,  oombined  in  the  one  with  rilicaU 
of  iron  and  sUiccUe  ofj9oUuh,  and  in  the  other  with  nlieaU  of  iron  and 
nUcaUof  magnesia. 

4^.  HomhXende  occurs  of  varions  colours,  but  that  which  forms  a  con- 
stituent of  the  syenites  and  of  the  basalts  is  of  a  dark  green  or  brownish 
black  colour,  is  often  in  regular  crystals,  and  is  readily  distinguished 
from  quartz  and  felspar  by  its  colour,  and  from  black  mica  by  not  split- 
ting into  thin  layers,  when  heated  in  the  flame  of  a  candle.  It  consists 
of  silicates  of  alJaminat  iime,  magnesia,  and  oxide  of  iron,  or  per  cent. 
of— 


BonibleDde. 

SUica 42-24 

Alumina    ....  13*99 

Lime 12*24 

Magnesia   ....  13*74 

Prat-Oxide  of  Iron  .  14*69 
Oxide  of  Manganese  0-33 
Fluoric  Acid  ...       — 


9706  99*63 

A  oomparisoo  of  these  two  analyses  shows  that  the  proportions  of 
nagnesia  and  oxide  of  iron  sometimes  vary  omsiderably,  yet  that  the 
hoffoblendes  still  maintain  the  same  general  composition.  They  are  re- 
markably distinguished  from  felspar  by  Ou  total  absence  of  jpUath  and 
toda^  and  by  containing  a  Utrre  froportion  of  lime  and  fnagfuuia.  From 
^e  potash-mica  they  are  distiD^uished  by  the  same  chemical  difieren- 
oes,  and  ftom  the  magnesian  mica  by  containing-  lime  to  the  amount  of 
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1th  part  of  their  whole  weight.  Soch  dMkreDces  mutt  mftteririly  af- 
fect the  ooDstitution  and  agricultunti  capabilities  of  the  soils  formed  from 
these  several  mibersis,  and  they  show  the  correctness  of  what  i  have 
previoasly  stated  to  yoa*-that  mineralogical  differences  in  rocks  which 
may  be  neglected  by  the  geologist,  may  be  of  great  importance  in  ex- 
plaining the  appearances  that  present  themselves  to  the  philosophical 
agriculturist. 

4°.  StkoH  usnally  ooeurs  in  the  form  of  long  black  needles  or  prisma 
disseminated  through  the  granitic  rock,  and  generally  (in  Cornwall)  at 
the  outskirts  of  the  granite,  where  it  comes  into  contact  with  the  slate 
rocks  that  surround  it  (De  la  Beche).  It  consists  of  a  silicate  of  alumi- 
na in  combination  with  silicates  of  iron  and  of  soda  or  magnesia.     Two 

varieties  gave  by  analysis— 

Behori  TiHinnallne 

from  Devonshire.  from  Swedao. 

Silica 36-20  37-66 

Alumina,     ....  36*60  33'46 

Magnetic  Oxide  of  Iron,  17-86  9-38 

Magnesia,    ....  0*70  10-98 

BoracicAcid,  •    .     .  4-11  3-83 

Soda 2-09     Soda  &  potash,  2-63 

Lime, 0-65  0-25 

Oxide  of  Manganese,  0*43  — 

96-44  98-08 

Tbis  mineral,  according  to  these  analyses.  Is  characterised  by  con- 
taining from  }  to  ^  of  its  weight  of  magnetic  oxide  of  iron,*  and  some- 
times ^jf  of  magnesia.  The  presence  of  Boracic  acidf  is  also  a  remark - 
al)Ie  cnaracter  of  this  mineral,  but  as  neither  the  presence  of  this  sub- 
stance in  any  soil,  nor  its  effect  upon  vegetation,  have  hitherto  been  ob- 
served, we  can  form  no  opinion  in  regc^  to  its  importance  in  an  agri- 
cultural point  of  view. 

^2.  Of  the  degradation  of  the  OranUic  rocks^  and  of  the  wAU  farmed 
from  them* 

The  granites,  in  general,  are  hard  and  durable  rocks,  and  but  little  af- 
fected by  the  weather.  The  quartz  they  contain  is  scarcely  acted  upon  at 
all  by  atmospheric  agents,  and  in  very  many  eases  the  felspar,  mica, 
a  nd  hornblende  yield  with  extreme  slowness  to  their  degrading  power.  It 
is  chiefly  to  the  dumical  deeommmiion  of  the  felspar  that  the  wearing 
away  of  granite  rocks  is  due,  and  the  formation  of  a  soil  from  their  crum- 
bling substance. 

It  has  been  stated  that  the  felspars  consist  of  a  silicate  of  alumina  Iq 
combination  with  silicates  of  potash  or  of  soda.  New  these  latter  sili- 
cates are  slowly  decomposed  by  the  carbonic  acid  of  the  air  (see  p.  207), 
which  combines  with  the  potash  and  soda,  and  forms  eaTlHmate9  of  theaa 
alkalies.    These  carbonates  are  very  soluble  in  water,  and  are,  there* 

*  This  oxide  li  compoaed  of  CbeJSril  «od  Moomd  ozidee  of  iron  deeortkwd  io  p.  Sid 
T  Boneic  acid  occurs  in  corobinstioo  with  soda  In  the  common  boras  of  the  ehopt.    It 
oomblnes  with  eoda,  potash,  lime,  4kc.,  and  forms  boraUt.    In  the  schorl  It  probahly  ezisti 
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fyn^  washed  away  by  the  fint  shower  of  rain  that  falle.  The  iaeolQUe 
tUiea  aad  the  silicate  of  alumitia  are  either  left  behind  or  are  more  slow- 
ly carried  away  by  the  rains  in  the  form  of  a  fine  powder  (a  fine  porce- 
laio  clay),  and  deposited  in  the  valleys  or  borne  into  the  rivers  and  lakes, 
—while  the  particles  of  quartz  and  mica,  having  lost  their  cement  df  fel- 
spar, fall  asnnder,  and  form -a  more  or  less  siliceous  sand* 

Granite  soils,  therefore,  on  all  hanging  gnnmd»i-^Qia  the  sides  and 
slopes  of  hiUs,  that  is— are  poor  and  sandy,  rigrely  oontaining  a  sufllicient 
admixture  of  clay  to  enable  them  to  support  crops  of  corn-*while  at  the 
bottoms  of  the  hills,  wheiher  on  flat  or  hollow  grounds,  they  are  com- 
posed, in  great  measure,  of  the  fine  clay  which  has  reeulied  fix>m  the 
gradual  decomposition  of  the  felspar. 

This  clay  consists  chiefly  of  the  silicate  of  alumina  contained  natural- 
ly in  the  felspar— it  differs  little,  in  short  from  that  which  has  already 
been  described  (p.  161),  under  the  name  of  pure  or  pipe  clay,  which  is 
too  stiff" and  intractable  to  be  readHy  converteid  into  a  prolific  soil. 

It  will  readily  be  understood  how  such  soils— decomnosed  felspar  soils 
—must  generally  contain  a  considerable  quantity  of  poush  from  the 
presence  of  minute  particles  of  silicate  of  potash  still  undecomposed ; 
and  it  will  be  as  readily  seen  that  they  can  contain  little  or  no  lime, 
since  neither  in  felspar  nor  in  mica  has  more  than  a  trace  of  this  earth 
been  bitberto  met  with. 

We  have  seen,  however,  that  hornblende  contains  from  |th  to  ^tfa  of  its 
weight  of  lime,  and  as  the  same  carbonic  acid  of  the  atmosphere  which 
decoanposes  the  felspar,  decomposes  the  silicates  of  the  hornblende  also, 
ii  is  clear  that  soils  which  are  derived  from  the  degradation  of  syenitic 
rocks,  especially  if  the  proportion  of  hornblende  present  in  them  be  large, 
will  contain  lime  as  well  as  clay  and  silica.  Thus  consisting  of  a  great- 
er number  of  the  elements  of  a  fertile  soil,  they  will  be  more  easily 
rendered  fruitful  also^-must  naturally  be  more  fruitful— than  those 
which  are  formed  from  the  granites,  correctly  so  called.  It  is  to  the  pre- 
sence of  this  lime  that  the  superior  fertility  of  the  soils  derived  from  the 
hornblende  slates  of  Cornwall,  already  adverted  to  (p.  266),  is  mainly 
to  be  ascribed. 

SikorU  as  above  stated,  contains  much  oxide  of  iron,  and  sometimes 
^ve  or  six  per  cent,  of  magnesia.  It  decomposes  slowly,  will  give  the 
soil  a  red  colour,  and  though  it  contain  only  a  trace  of  lime,  yet  the  ad- 
mixture of  its  constituents  udtb  those  of  the  felspar  may  pognbly  amelio- 
rate the  quality  of  a  soil  formed  from  the  decay  of  the  felspar  alone. 

Ii  thus  appears  that  a  knowledge  of  the  constitution  of  the  minerals  of 
which  the  granites  are  composed,  and  of  the  proportions  in  which  these 
minerals  are  mixed  together  in  any  locality,  clearly  indicates  what  the 
nature  of  the  scnls  formed  from  them  must  be— an  indication  which  per- 
fectly accords  with  observation.  The  same  knowledge,  also,  showing 
that  such  soils  never  have  contained,  and  never  can,  naturally,  include 
mon  than  a  trace  (^  lime,  will  satisfy  the  improver,  who  believes  the 
presence  of  lime  to  be  almost  necessary  in  a  fertile  soil,  as  to  the  first 
step  to  be  taken  in  endeavouring  to  rescue  a  granitic  scnl  from  a  state  of 
•naturs  will  explain  to  him  the  reason  why  the  use  of  lime  and  of  shell 
aaod  on  such  soils,  should  so  long  have  been  practised  with  the  best  ef- 
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factSi^^iMl  will  enccratBge  bim  fo  percMere  Id  a  coone  of  treatmefit 
which,  while  sogsested  by  theory,  ie  ccnfimied  alao  by  practice. 

Extent  ofgramtie  rocks  in  Great  Britain  and  JreMii.— >Id  England, 
the  only  exteneive  tracts  of  granite  occur  in  Cornwall  and  Devon,  pre- 
senting thenoselves  here  and  there  in  isolated  fmtches  from  the  Scilly 
Isles  and  the  Land's  Eikl  to  Dartmoor  io  South  Devon.  In  the  latter 
locality,  the  granite  rocks  cover  an  area  of  about  400  scjuare  miles.  Pn>- 
ceedtnff  northwardf  Tarioiis  small  <mtrbur$U^  of  mnite  appear  in  the 
Isle  of  Anglesey,  in  Wettmorelknd,  and  in  Cumberland,  and  north  of 
the  Sol  way,  in  IGrkcudbrigbt,  it  extends  over  150  or  200  square  miles ; 
•~-but  it  is  at  the  Grampian  Hills  that  these  rocks  begin  to  be  most  ex- 
tensively developed.  With  the  exception,  indeed,  of  the  patches  of  old 
red  sandstone  already  noticed,  nearly  the  whole  of  Scotland,  north  of  the 
Grampians— and  of  the  western  islands,  excluding  Sky e  and  Moll,  con- 
sists of  granitic  rocks. 

In  Ireland,  a  range  of  granite  (the  Wicklow)  mountains  runs  south  by 
west  from  Dublin  to  near  New  Ross— the  same  rock  forms  a  consider- 
able portion  of  the  mountainous  districts  in  the  north-west  of  Donegal,  and 
in  the  soothof  Gal  way— covers  a  less  extensive  area  in  Armagh,  and  pre- 
sents itself  in  the  form  of  an  isolated  patch  in  the  county  of  Cavan. 

SoUi  ofthegranilie  nwAs.— From  what  has  been  already  staled  in  re- 
gard to  the  composition  of  granite,  it  is  clear  from  theory  that  no  gene- 
rally uniform  quality  of  soil  can  be  expected  to  result  from  its  decompo- 
sition, and  this  deduction  is  confirmed  by  practical  observatioo.  Where 
quartz  is  more  abundant,  or  where  the  clay  is  washed  out,  tha-aoil  is 
poor,  hungry,  and  unfruitAjl— euch,  generally,  is  its  character  on  the 
more  exposed  slopes  of  the  hills  in  the  Western  Isles,  and  in  the  nonli 
of  Scotland. — [Macdonald*s  Agricultural  Survey  of  the  Hehride$,  p.  26.] 
In  the^  Ik^Iows  and  levels,  where  natural  drainage  exists,  stiff  clay  soils 
prevail,  which  are  oAen  cold  and  unfruitful,  but  are  capable  of  amelio- 
ration where  the  depth  of  earth  is  sufficient,  bv  draining  and  abundant 
liming  or  marling.  Where  there  is  no  natnrafdrainage,  vegetable  mat- 
ter accumulates,  as  we  have  seen  to  be  the  case  on  the  surface  of  all  im- 
pervious rocks— and  bogs  are  formed.  In  the  north  of  Scotland,  and  In 
Ireland,  and  in  the  high  lands  of  Dartmoor  (Devon),  these  are  every- 
where seen  in  such  localities,  and  it  is  said  that  two-thirds  of  the  He- 
brides are  covered  with  peat  bogs  more  or  less  reclaimable. 

In  Cornwall  and  Devon,  the  granitic  soils  (growan  soils,  as  they  are 
there  called)  are  observed  to  be  more  productive  as  the  hills  diminish 
in  height.  Thus  Dartmoor  is  covered  only  with  heath,  coarse  grass, 
and  peat ;  while  in  the  Scilly  Isles  the  growan  land  produces  good  crops 
of  wheat,  potatoes,  barley,  and  grass;  and  the  same  is  oraerved  at 
Moreton  Hempstead,  in  Devon,  where  tolerable  crops  of  barley  are  grown, 
and  potatoes,  which  are  highly  esteemed  in  the  Exeter  market  (De  La 
Beche).  No  doubt  the  climate  has  something  to  do  with  these  difler- 
ences ;  but  the  less  the  elevation,  and  the  consequent  washing  of  the 
rains,  the  more  of  the  clay  will  remain  mixed  with  the  siliceous  sand ; 

*  llito  mpr— lun  to  to  toret  meMiire  tli— retfol,  and  topilat-^hit  to  the  tww— llr  w 
caiTed  opUiion-^Mt  ih«  fraaite  rocks  were  forcad  up  (nm  benaaUi  in  a  fluid  etoU,  Ilka  Um 
tovaa  of  extoitng  voIcanoee-Hhat  Uiey,  as  wall  as  Uia  trap  roeka,  ara,  tai  abort,  oQfar  lavas  of 
a  mora  aoctont  data  (aoe  p.  837). 
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while  in  aid  of  both  these  cajoeee,  a  small  difiereoee  in  the  ewpposidett 
of  its  coDsthnem  loioerals,  oflen  not  to  be  detected  by  the  eye,  may  ma* 
terially  affect  the  character  of  the  granitic  soils. 

AtooordiDg  lo  Dr.  Paris,  the  presence  of  much  mica  deteriorates  these 
soils;  while  that  which  is  formed  at  the  edges  of  tlie  granite,  when  It 
oomes  in  contact  with  the  slata  rocks,  is  of  a  more  fertile  qnality.  Tha 
latter  remark,  however,  does  not  aniveisally  apply,— *esp«cialfy  where 
the  granite,  as  at  the  edges  of  Dartmoor,  oontaios  Bsaefa  schorl,  (De  La 
Beche)  and  the  presence  of  mica,  in  the  richest  soils  of  the  red  marl, 
wpald  seem  to  impljr  that  this  mineral  is  fitted  materially  to  promote 
the  fertility  of  a  soil  m  which  the  other  earthy  ingradients  are  pioperly 
adjusted. 

The  more  elevated  and  thin  granitic  soils  are  said  to  be  fitted  for  the 
growth  of  larch ;  the  lower  and  deeper  soils,  which  admit  of  the  use  of 
the  plough,  have  been  found  to  yield  a  three-fold  retinrn  of  com  by  tha 
use  of  lime  akme. 

^i.  Of  the  trap  rocks,  and  the  $oiU  formed  from  them. 
Of  the  trap  rocks  there  are  several  varieties,  of  which  the  most  impor- 
tant are  disunguished  by  the  names  of  Chreenstanet  BoiaU,  and  Ser- 
pentine. 

The  iheen'Siones  consist  of  a  mixture  more  or  less  intimate  of  felspar 
and  homhlende,  or  of  felspar  and  augitt.  They  are  distinguished  from 
the  granites  by  the  absence  of  mica  and  quartz,  and  by  the  presence  of 
the  hornblende  or  augite,  often  in  equal,  and  not  unfrequently  in  greater 
quantity  than  the  felspar.  In  the  granites,  the  felspar  and  quartz  to- 
gether generally  form  upwards  of  ^  of  the  whole  mass. 

Augite  is  a  mineral  havins  much  resemblance  to  hornblende^  and, 
like  it7 occurring  of  various  colours.  In  the  trap  rocks  it  is  usually  of  a 
dark  green  approaching  to  black.  It  generally  contains  much  lime  nnd 
oxide  of  iron  m  the  state\>f  silicates.  The  composition  of  iwo  varieties 
compared  with  that  of  basaltic  hornblende  is  as  follows  :— 

BUck  Augite       Augite  from  tb«  Banltlc 

from  Swedes.     kTaofVesortaa.       Hornblende. 

Silica 63*36  50-90  42*24 

Lime 23-19  22-96  12-24 

Magnesia 4-99  14-43  13-74 

Prot-Oxide  of  Iron    .     .    .    17-38  6-26  14-69 

Prot-Oxide  of  Manganese  .      0-09  —  0-33 

Alumina —  6*37  13-92 

98-01  99-91  97-06 

The  predominance  of  this  mineral  (angite)  or  of  horablende  in  the 
freen-stone  rocks  must  necessarily  cause  a  very  material  difference  in 
the  nature  of  the  soils  produced  from  their  decav«  compared  with  those 
which  are  formed  from  the  granitic  rocks  in  which  the  felspars  are  the 
predominating  mineral  ingredient. 

29.  Basalt  consists  of  a  mixture,  in  variable  proportions,  of  augite, 
magnetic  oxide  of  iron,  and  uolite.*    It  differs  in  appearance  from  green- 

•  •  WUh  or  wUhma  fOtpar*'  In  eddHioii  to  eogUe,  mamtle  Iroo,  end  saoHte,  BMI17  tt^ 
ailts  eootata  ebo  a  coMlderaMe  portion  of  eertain  varhtim  of  fels|Mur,  eapedaOy  of  one  to 
whteh  tlie  DUBS  of  ft^MiiM  hM  sees  given. 
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■ttme,  cfaittfly  ^iy  the  darkness  of  its  cokow,  oDd  by  the  minuceneas  ofte 
particles  of  which  it  is  composed,  whicbt  in  general,  cannot  be  distin- 
guished by  the  naked  eye. 

ZeoUU  IS  a  generic  term  applied  to  a  great  number  of  mineral  species 
which  occur  in  the  basalts,  and  often  intermixed  with  the  green-stooe 
rocks.  They  differ  JromfiUpar  in  their  greater  aolubilUy  in  aeids^  and 
hy  generally  containing  hmej  tebere  the  laUer  eonUnm  potash  or  eoda. 

It  may  be  staMdf  indeed,  as  the  most  important  agricultural  distinc- 
tion, between  the  f|[ranitic  and  the  true*  trap-rocks,  that  the  latter  abound 
in  lime,  while  in  the  fivmer,  it  is  often  entirely  absent.  If  in  a  green- 
stone only  one-fourth  of  its  weight  consist  of  augite,  every  30  tons  of  the 
rock  may  contain  one  ton  of  lime.  If  in  a  basalt  the  augite  and  seolite 
amount  to  only  two-thirds  of  its  weight,  every  nine  tons  may  contain  a 
ton  of  lime.  The  practical  farmer  cannot  fail  to  conclude  that  a  soil  ^ 
formed  from  such  rocks  must  possess  very  difieient  agricultural  capabil-' 
tiies  from  the  soils  we  have  already  described  as  being  formed  fnxn  the 
decomposition  of  the  granites. 

3°.  Serpentine  is  a  greenish  yellow  mineral,  consisting  of  silica  in 
combination  with  magnesia  and  a  little  iron,  and  occanonally  a  few 
pounds  in  the  hundred  of  lime  or  alumina.  The  distinguishing  mgredi- 
ent  is  the  magnesia,  which  generally  approaches  to  40  per  cent,  of  the 
whole  weight  of  the  mineral.  Rocks  of  sorpeniine  are  generally  mixed 
with  magnetic  iron  ore,  and  with  portions  of  other  minerals  in  greater 
or  less  abundance. 

Extent  of  the  trap  rocks  in  the  British  Isles, — The  serpentine  rock  oc- 
curs to  any  extent  only  in  Cornwall,  about  the  Lizard  l?oint,  where  it 
covers  an  area  of  60  square  miles.  The  green-stones  and  basalts  are 
only  met  with  here  and  there  in  small  patches,  until  we  get  so  far  north 
as  the  Cheviot  Hills,  which  consist  of  these  and  other  varieties  of  trap. 
It  is  in  the  low  country  of  Scotland,  however^  intermixed  with  and  sur- 
rounding the  great  coal  district  of  that  part  of  the  island,  that  the  greatest 
breadth  of  trap  is  seen.  It  there  stretches  across  the  island  in  a  south- 
west direction,  and  in  detached  masses,  from  the  Friths  of  Tay  and 
Fonh  to  the  island  of  Arran,  covering  an  area  of  800  or  1000  square 
miles.  In  the  prolongation  of  the  same  line  it  re-appears  in  the  north- 
east of  Ireland,  and  extends  over  the  whole  of  the  county  of  Antrim  and 
a  small  part  of  Londonderry  and  Armagh.  In  the  most  northerly  portion 
ofthis  tract  the  well-known  columnar  basalt  of  tlie  Giants*  Causeway 
occurs.  On  the  west  coast  of  Scotland  the  trap  rpcks  cover  nearly  the 
whole  of  the  islands  of  Mull  and  of  Skye — to  the  west  of  the  former  of 
which  islands  lies  StaSa  with  its  celebrated  basaltic  caves. 

Soil  of  the  trap  rocA:*.— The  soil  of  the  serpentine  rocks  at  the  Lizard 
is  far  from  fertile,  retaining  the  water  and  thus  forming  swamps  awl 
marshes.  Even  where  a  natural  drainage  exists  it  rarely  produces  good 
grass,  or  average  crops  of  corn.  It  is  remarkable  for  growing  a  pecu- 
Bar,  very  beautiful  heath — erica  wz^oaj— which  so  strictly  limits  itself 
to  the  serpentine  soil  as  distioctlv  to  mark  the  boundary  by  which  the 
serpentine  is  separated  from  other  rocks  (De  La  Beche).    From  the 

IJIafp^rUineianoiKmnnjiaOud^d^moiitthe  true  tnp  n)eki:  U  la  included  amoDf 
tiiem  h«ra  u  It  oft«Q  U  by  geoloftials,  iMcaiua  in  iiudt  ntooM.  m  at  tha  lioxd.  itoocan 
slottfwItbtniafraaD-aloiia.  ^ 
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oompositioD  of  serpentine  we  mig^t  be  led  to  sappoee  that  the  ooiopara- 
dve  barrenness  of  the  soils  formed  from  it  is  due  to  the  large  quantity 
cf  magnesia  which  this  mineral  contains ;  and  this  may,  in  some  cases, 
be  partly  the  cause.  It  would  appear,  however,  that  Uiese  soils  often 
contain  very  little  magnesia,  the  long  action  of  the  rains  and  of  other 
agents  having  almost  entirely  removed  it  (see  p.  209),  and  yet  they  still 
retain  their  barrenness.  But  they  contain  no  Urae,  and,  therefore,  ader 
draining,  the  first  great  step  to  take  in  order  to  impwfe  such  soils,  is  to 
give  them  a  good  dose  of  lime.  How  this  step  is  to  be  followed  up  will 
depend  u^n  the  effect  which  this  treatment  is  found  to  produce. 

The  soil  of  the  green-stones  is  generally  fertile,  and  it  is  more  so  in 
proportion  as  the  hornbleiide  or  augite  preaominates— >that  is,  generally, 
in  proportion  to  the  darkness  of  its  colour. 

In  Corawall  and  Sooth  Devon,  where  scattered  masses  of  trap  occur, 
consisting  chiefly  of  hornblende  and  felspar,  they  **  afford  the  most  fertile 
soils  of  any  in  the  district  when  their  decompositbn  has  taken  place  to 
a  sufBcieot  depth'*  (De  La  Beche).  Wherever  the  trap  rocks  (locally 
duri'Slones)  are  observed  at  the  surface,  **  it  is  deemed  a  fortunate  cir^ 
cumstance,  being  a  certain  indication  of  the  fertility  of  the  incumbent 
soils." — [Worgan's  View  of  the  Agriculture  of  Cornwall^  p.  10.]  The 
superior  fertility  of  the  neighbourhood  of  Penzance  is  owing  to  the  pre- 
sence of  these  rocks  (Dr.  Paris),  and  where  their  detritus  has  been  mix- 
ed with  that  of  other  rock»— as  with  the  worthless  granite  soils— it  ame- 
liorates and  improves  their  quality. 

The  same  general  character  is  exhibited  by  the  trappean  soils  of  other 
districts  of  the  island.  The  height  of  the  Cheviot  Hills  renders  the  cli- 
mate in  many  places  nnfavourable  to  arable  culture,  yet  they  produce 
the  sweetest  pasture,*  while  the  low  country  around  them  has  been 
largely  benefitted  by  admixture  with  their  crumbling  fragments.  The 
whole  of  that  lowland  tract  of  Scotland,  over  which  these  rocks  extend— 
comprehending  the  counties  of  Ayr,  Renfrew,  Lanark,  Linlithgow, 
Fif^,  and  portions  of  Perth,  Sterling,  Edinburgh,  and  Haddington,— ex- 
hibit the  fertile  or  fertilizing  character  of  the  decomposing  green-stone. 
In  Cornwall  it  is  dag  up  as  a  marl  and  applied  to  the  land,  and  in  the 
neighbourhood  of  Haddington  I  have  seen  a  farming  tenant  (a  leasehold' 
er)  removing  twelve  inches  of  trap  soil  from  the  entire  surface  of  a  field, 
Ibr  tlie  purpose  of  spreading  a  layer  of  an  inch  in  depth  over  twelve 
rimes  the  area  in  another  part  of  his  farm.  There  can  be  no  doubt  that 
this  mode  of  improvement  is  within  the  reach  of  many  proprietors  and 
farmers— especially  along  the  sonthem  borders  of  Perthshire,  and  neaz 
the  more  elevated  of  Ayr  and  Lanark. 

To  the  north  of  Ireland,  and  to  the  Western  Islands,  the  above  re- 
marks, with  slight  modifications,  arising  from  local  causes,  will  also  ap- 
ply. For  example,  where  the  surface  is  flat,  and  the  rock  impervious, 
water  will  collect  and  heaths  and  bogs  will  be  produced,  which  only 

*  It  to  a  aiacator  fiMt  otMerred  here  end  there  amoof  the  Cberloi  Hilfai  on  the  border.  UnC 
Where  eheepere  folded  or  paeturedon  hllte  of  trap  which  are  covered  with  delicate  herbefe, 
they  are  allacked  by  what  to  tocally  called  the  pMng  i0,--4hev  ptne  away,  become  Indolent 
and  are  imwUUog  to  move.  The  cure  to  lo  drive  them  to  a  netonbourinc  BOfid-atofM  wiafiiri, 
where  ihey  become  again  acUve,  and  begin  to  Uirive.  The  mimv  Wlto  on  each  farm  an 
weU  known,  and  Um  tenant  has  no  healMitton  In  pointing  to  ttito  and  to  that  hill  a*  those  oa 
whiclk  Um  aiiMtp  era  anra  to  pine,  if  kept  apon  Uiem  only. 
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draiDiDff  can  remove.  They  apply  also  to  other  counlries  where  trap 
rocks  abbuod — the  on)y  fertile  tracts  of  Abyssioia,  for  inaiaoce.  being 
found  in  Tallies  and  on  mountain  slopes,  where  the  schI  U  composed  of 
the  detritas  of  trappean  rocks  (Dr.  Ruppell , 

Yet  there  are  exceptions  to  this  general  rule. 

Where  the  felspar  is  largely  predominant,  the  soil  formed  from  the 
rock  will  partake  more  or  less  of  the  cold  and  barren  character  of  the 
gtiffer  granitic  soils.  Such  appears  to  be  the  case  with  some  of  the  trape 
which  occur  in  the  t>order  counties  of  England  and  Wales  (Murcbtsoo). 

In  the  Isle  of  Shyc,  again,  a  local  peculiarity  of  a  dififerent  kind  ob- 
tains, the  efiect  of  which  upon  the  soil  is  also  to  render  it  poor  and  ud- 
productive.  In  that  island  the  singularly  beautiful  ridge  of  the  Cudbul- 
len  Hills  consists  of  a  variety  of  trap  in  which  the  augice  ao  far  predomi- 
nates as  to  form  nearly  the  whole  of  the  mountain  masses,  But  the 
augite  in  this  case  is  a  variety  to  which  the  name  of  hypersthetu  haa 
been  aiven,  and  which  contains  much  magnesia  and  oxide  of  iron,  but 
scarcely  a  trace  of  cither  lime  or  alttmina*  The  rock  is  very  hard,  and 
decays  with  extreme  slowness;  yet  however  rapid  its  decay  might  be* 
it  could  never  produce  a  fertile  soil.  We  have  seen  that  the  serpentine 
and  granite  soils  are  essentially  deficient  in  lime,  but  a  hypersthene  aoil 
is  in  want  both  of  lime  and  of  clay.  It  would  be  still  more  difficult* 
therefore,  to  render  the  latter  productive— even  supposing,  as  in  the  cate 
of  the  serpentine  soils,  that  the  magnesia  of  the  hypersthene*  were  moei- 
ly  washed  away  by  the  rains. 

Thus  we  perceive  how  eactly  the  study  of  the  composition  of  the  dif- 
ferent varieties  of  the  trap  rocks  explains  the  observed  differences  in  tiio 
quality  of  the  soils  derived  from  them.  When  the  minerals  they  coniaia 
abound  in  lime,  the  soils  they  yield  are  fertile— when  those  minerala 
predominate  in  which  lime  is  wanting,  the  soils  are  inferior,  sometimea 
scarcely  capable  of  cultivation.  Agam,  the  granites  abound  in  potadb; 
but  except  m  the  syenites  they  rarely  contain  lime,  and  their  soils  ara 
generally  poor.  Let  them  be  mixed  with  the  trap  soils,  and  they  are 
enrichea.  ^  This  would  seem  fairly  and  clearly  to  imply  that  the  fenility 
of  the  one  ia  mainly  due  to  the  presence  of  Ume,  and  the  banennesB  of 
the  other  to  the  absence  of  this  earth. 

On  this  subject  I  will  only  further  add,  that  the  more  modem  vc^canic 
lavas  which  overspread  Italy,  Sicily,  parts  of  France,  Spain,  and  Gei^ 
many,  are  closely  related  to  the  trap  rocks  in  their  general  composition 
•^and  the  fertility  which  overspreads  thousands  of  square  miles  of  de- 
coqaposed  lava  streams  and  ejections  of  volcanic  ashes  in  Italy  and  Si- 
cily, is  too  well  known  to  require  any  detailed  description. 

§  5.  Cy  superficial  accumulations  of  foreign  materials,  and  of  the  mtan$ 
by  tphich  they  have  been  transported. 
Abundant  proof,  I  think,  has  now  been  advanced  that  a  close  relatioo 
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Menerally  exists  between  the  soil  aod  the  zocks  on  which  it  rests,  anA 
mat  the  geological  structure  of  a  country,  as  well  as  the  cbeaiical  coiwtL- 
tution  of  the  minerals  of  which  its  several  rocky  masses  coosist»  have  a 
primanf  and  fundamental  influence  upon  the  agricultural  capabilities  of 
Its  surface. 

And  yet  I  should  he  leading  you  into  a  serious  error,  were  I  to  permit 
yoa  to  suppose  that  this  intimate  and  direct  relation  Is  always  to  be  ob- 
served— that  in  whatever  district  you  may  happen  to  be,  you  will  find 
the  soil  taking  its  general  character  from  tne  subjacent  iocks-«and  that 
where  the  same  rocks  occur,  similar  soils  are  always  to  be  expected. 
On  the  contrary,  in  very  many  localities  the  soil  is  totally  different  from 
that  which  would  be  produced  by  the  degradation  or  decomposition  of 
the  rocks  on  which  it  reals.  To  infer,  therefore,  or  to  predict,  that  on  a 
given  spot,  where,  according  to  the  geological  map,  red  sand-stone  for 
example  prevails,  a  marly  or  other  red  sand-stone  soil  will  necessarily 
be  Ibund^-or  that  where  the  coal  measures  are  observed,  poor,  ungrate- 
ful land  must  exist—would  be  to  form  or  to  state  opinions  which  a  visit 
to  the  several  localities  would  in  many  instances  show  to  be  completely 
erroneous— and  which  would  bring  undeserved  discredit  upon  geologi- 
cal science. 

In  such  cases  as  these  geology  is  not  at  fault.  New  conditions  only 
have  supervened  which  render  the  natural  relation  between  soils  and 
rocks  in  those  places  less  simple,  and  conseqaently  more  obscure.  Yet 
a  further  study  of  geological  phenomena  removes  the  obscurity— «hows. 
to  what  cause  it  is  owing  that  in  many  districts  the  soil  is  such  as  could 
never  have  been  formed  from  the  subjacent  rocks— again  places  the  en- 
lightened agriculturist  in  a  condition  to  pronounce  generally  from  what 
rocks  his  soils  have  been  derived— generally  also  wnat  their  agricultnral 
capabilldes  are  likely  to  be,  and  by  what  mode  of  treatment  those  capa- 
bilities may  be  most  fully  developed. 

Of  the  surface  of  Great  Britain  and  Ireland  it  may  indeed  be  truly 
said,  that  it  exhibits  extensive  tracts  in  which  the  character  of  the  soil  is 
directly  influenced  by,  and  may  be  inferred  from,  the  character  and 
composition  of  the  subjacent  rock.  To  these  districts  the  rules  and  ob- 
servations contained  in  the  preceding  sections  directly  and  clearly  apply. 
But  other  extensive  tracts  also  occur  in  which  the  character  of  tne  soil  is 
independent  of  that  of  the  rocks  on  which  it  immediately  rests— the 
cause  of  this  apparent  difficulty  we  are  now  to  consider. 

1^.  I  have  already  had  occasion  to  explain  to  you  in  what  wa^r  all 
rocks  crumble  more  or  less  rapidly,  and  give  origin  to  soils  of  various 
kinds.  Were  the  surfaces  of  rocks  uniformly  level,  and  that  of  every 
country  flat,  the  crumbled  materials  would  generally  remain  on  the  spots 
where  they  were  formed.  But  as  already  shown  m  the  diagrams,  in- 
serted in  page  238,  Uie  rocks  rarely  lie  in  a  horizontal  position, 
but  rest  almost  always  more  or  less  on  their  edces;  and  the  surface  in 
each  a  country  as  ours  is  often  mountainous  or  hilly,  and  everywhere 
undulating.  Hence  the  rains  are  continually  washing  off  the  finer  par- 
ticles from  the  higher,  and  Ifearing  them  to  the  lower  grounds— ana  on 
occasions  of  great  floods,  vast  quantities,  even  of  heavy  materials  are 
borne  to  great  distances,  and  spread  sometimes  to  a  great  depth  and  over 
•  great  extent  of  country— [witness  the  still  reoent  floods  in  norayshiie.] 


868  cmcT  or  rains,  ftiysfts,  akd  tioes. 

Thus  the  spoils  of  oiie  rocky  formation  are  borne  frum  t!>elr  native  soil, 
and  are  strewed  over  the  surface  of  other  kind:)  of  rock  of  a  totally  dit- 
feretit  character.  The  fragments  of  the  granite,  gneiss,  and  slate  rocks 
of  the  high  lands  are  scattered  over  the  old  red  sand-stones  which  lie  at 
a  lower  level— and  those  of  the  blue  lime-stone  mountains  over  the  mill- 
stone grits,  the  coal  measures,  and  the  new  red  sand-stones,  which  stretch 
away  from  their  feet. 

2°.  But  the  effects  produced  by  this  natural  cause,  though  they  may 
be  judged  of  in  kind,  can  never  bie  estimated  in  degree  by  what  we  per- 
ceive in  our  own  temperate  climates— in  our  country  of  small  rivers  and 
gentle  rains.  How  must  such  effects  exceed  in  magnitude,  in  districts 
where,-«as  in  the  Ghauts,  that  separate  the  level  land  of  the  Malabar 
coast  (the  Concan)  from  the  high  table-land  of  the  Deccan,«-120  inches 
of  rain  occasionally  fall  in  a  single  month,  and  240  inches  or  20  feet,  on 
an  average,  every  year  from  June  to  September  J  And  to  what  vast 
distances  must  materials  be  transported  by  great  rivers,  such  as  the  Mis- 
sissippi, the  River  of  Amazons,  the  Ganges,  and  the  Indus*  which  main- 
tain a  course  of  thousands  of  miles,  before  thev  empty  themselves  into 
the  sea?  What  necessary  connection  can  the  deposits  of  mud  and  sand 
which  yearly  collecr  at  the  mouths  and  in  the  places  overflowed  by  the 
waters  of  these  er^at  rivers,  have  with  the  nature  of  the  rocks  on  which 
these  transported  materials  may  happen  to  rest? 

3°.  But  the  constant  motion  of  the  waters  of  the  sea  washes  down 
the  cliffs  on  one  coast,  and  carries  away  their  ruins  to  be  deposited,  either 
in  its  own  depths,  or  along  other  more  sheltered  shores.  Hence  sand 
banks  accumulate — as  in  5ie  centre  of  our  own  North  Sea:  or  the  land 
gains  upon  the  water  in  one  spot  what  it  loses  in  another— as  may  be 
seen  both  on  the  shores  of  our  own  island,  and  on  the  opposite  coasts  of 
Germany  and  France. 

What  necessary  relation  can  the  soils  thus  gained  from  the  sea  have 
to  the  rocks  on  which  they  rest  ?  Suppose  the  bottom  of  the  North  Sea 
to  become  dry  land,  what  necessary  mineral  relation  would  then  exist 
between  the  soils  which  would  gradually  be  formed  on  its  hundreds  of 
square  miles  of  sand-banks,  and  the  rocks  on  which  those  sand-banks 
immediately  repose? 

4^.  Again,  the  sea,  in  general,  carries  with  it  and  deposits  in  its  owe 
bosom  the  finest  particles  of  clay,  lime,  and  other  earthy  matters,  and 
leaves  along  its  shores  accumulations  of  fine  siliceous  sand.  This  sand, 
when  dry,  the  sea  winds  bear  before  them  and  strew  over  the  land,  form- 
ing sand  hills  and  downs,  sometimes  of  considerable  height  and  of  great 
extent.  Such  are  to  be  seen  here  and  there,  in  our  own  islands*  but  on 
the  Eastern  shores  of  the  Bay  of  Biscay,  and  on  the  coasts  of  Jutland,-^ 
both  exposed  to  violent  sea  winds,— they  occur  over  much  larger  areas. 
Before  these  winds  the  lieht  sands  are  continually  drifting,  and,  year  by 
year,  advance  further  and  further  into  the  country,  gradually  driving 
lakes  before  them,  swallowing  up  forests  and  cultivated  fields,  with  the 
houses  of  the  cultivators,  and  burying  alike  t^  fertile  soils  and  the  rocks 
from  which  they  were  originally  derived.  [In  the  Landes,  the  ad- 
vance of  the  downs  is  estimated  at  66  to  70  feet  every  year.] 

You  have  all  read  of  the  fearful  sands  of  the  African  deserts,  and  of 
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their  dartrudiye  mareh  when  the  baroiog  winds  awaken.  .BiMory  tdls 
of  populous  cities  and  fertile  plains,  where  udhing  but  blown  sands  are 
now  to  be  seen,  and  geology  easily  leads  us  back  to  still  more  remote 
periods,  when  the  broad  zones  of  sandy  desert  were  but  narrow  stripes 
of  blown  sand  along  the  shores  of  the  sea,  or  beds  of  comparatiTely  loose 
sand-stone,  which  here  and  there  came  to  the  surface,  and  which  the 
winds  have  gradually  removed  from  their  original  site,  and  walled  widely 
over  the  land. 

Wherever  these  sand-drifts  spread,  it  will  also  be  clear  to  you,  that 
there  may  be  no  necessary  similarity  between  the  loose  materials  on 
the  surface  and  the  kind  of  rock  over  which  these  materials  are  strewed. 

5°,  Along  with  these  I  shall  mention  only  one  other  great  agent  by 
which  loose  materials  are  gradually  transported  to  considerable  dis- 
tances. 

It  is  observed  in  elevated  countries,  where  the  snow  never  entirely 
melts,  and  where  glaciers  or  sheets  of  ice  hang  on  the  mountain  sides,*— 
descending  towards  the  plains  as  the  winter's  cold  comes  on,  and  again 
retreating  towards  the  mountain-tops  at  the  approach  of  the  summer's 
heat— that  the  edges  of  the  glaciers  Dear  before  tnem  into  the  valleys,  and 
deposit  along  their  edges,  banks  of  conical  ridees^  of  sand  and  gravel 
(Moraines).  These  consist  of  the  fingments  of  tne  rocky  heights,  worn 
and  rounded  by  the  friction  of  the  sheets  of  ice  beneath  which  they 
have  descended  firom  above,  and  from  the  edy^es  of  which  they  finally 
escape  into  the  plain. 

These  ridges  of  sand  and  gravel  accumulate  tiU  some  more  sudden 
thaw  than  usual,  or  greater  summer's  heat  arrives,  when  they  are  more 
or  less  completely  broken  up  by  the  rush  of  water  that  ensues,  and  are 
dispersed  over  the  subjacent  tracts  of  level  land. 

When  the  rocks  are  of  a  kind  to  rub  down  so  fine  as  to  form  much 
mud  as  well  as  sand  or  gravel,  the  ridges  are  of  a  more  clayey  charac- 
ter. And  where  the  edges  of  the  glaciers  descend  to  the  borders  of  lakes 
or  seas— as  in  the  Tierra  del  Fuega— this  mud  is  washed  away  and 
widely  spread  by  the  waters,  while  the  gravel  and  sand  remain  nearer 
their  original  site ;  or,  finally,  when  the  ice  actually  overhangs  the  wa- 
ter, huce  fragments  break  off  now  and  then—loaded  with  masses  of  tra- 
vel and  Sana,  or  even  with  rocks  of  large  size,— which  fragments  float 
away  often  to  great  distances  and  drop  their  stony  burdens  here  and 
there,  as  they  gradually  melt  and  disappear. 

To  these  tecis,  let  it  oe  added,  that  recent  geological  researohes,  of  a 
very  interesting  kind,  tend  to  show  that  nearly  all  the  elevated  tracts  of 
country  in  the  temperate  regions  of  Europe  and  Americana  our  own 
Island  among  other  localities^-have  been  covered  with  glaciers  at  a 
comparatively  recent  period,  (geologically  speaking,)  and  that  these  gla- 
ciers have  gradually  retreated  step  by  step  to  their  present  altitudes, 
halting  here  for  a  time,  and  lingenng  there;— and  we  shall  find  reason 
to  believe  that  traces  of  transported  materials— moved  from  their  origi- 
nal site  by  this  agent  also— are  to  be  looked  for  on  almost  every  geolo- 
gical formation. 

And  soch  the  geological  observer  finds  to  be  in  reality  the  ease. 
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Sach  accumalatioDs,  f(»  exainpU,  present  thecnMltes  over  a  large 
portioQ  of  oar  own  island.  Thos,  in  Devonshire,  the  chalk  and  green 
sand  are  so  completely  covered  by  gravels,  coosistinff  of  the  ft-agmenu 
of  older  rocks  from  the  higher  groands,  miked  with  chaik-flinu  and 
chert,  that  nearly  the  whole  of  this  tract  possesses  one  cooamon  charac- 
ter of  infertility,  and  is  widely  covered  with  downs  of  furze  and  heath 
(De  La  Beche.)  In  like  manner  the  chalk,  green  sand,  and  plastic  clay 
of  a  laree  portion  of  Norfolk  and  Suffi>lk,  and  of  pans  of  the  counties  of 
Essex,  Cambridge,  Huntingdon,  Bedford,  Hertford*  and  Middlesex,  are 
covered  with  till,  (stiff  unstradfied  clay,)  containing  large  stones,  (boul- 
ders,) or  with  gravels,  in  which  are  imxed  fragments  of  rxlcs  of  various 
ages,  which  must  have  been  brought  from  great  distances,  and  perha|ia 
from  different  directions  (Lyell.)  So  over  the  great  plain  of  the  new 
red  sand-stone,  in  the  centre  and  west  of  England---in  Lancashire, 
Cheshhre,  Shropshire,  Staffindshire,  and  Worcestershire— drifted  gra- 
vels of  various  kinds  are  widely  nread.  It  may  indeed  be  eenerally 
remarked,  that  over  the  bottoms  of  all  our  great  vallies,  BQch  drifted 
firagments  are  commonly  diffused— 'that  upon  our  wider  okdns,  they  are 
here  and  there  collected  in  great  beape-— and  that  on  the  lower  lands  that 
border  either  shore  of  onr  island,  extensive  deposits  of  clay,  sand,  or  gnei- 
vel,  not  nnfrequently  cover  to  a  great  depth  the  subjacent  rocks. 

The  practical  agriculturist  wul  be  able  to  confirm  this  remark,  in 
whatever  district  almost  he  may  live,  by  facts  which  have  come  within 
his  own  knowledge  and  observation.  I  shall  briefly  explain,  by  way  of 
illustration,  the  mode  In  which  tnich  aectimulations  of  drifted  matter 
overiie  the  eastern  or  lower  half  of  the  county  of  Boriiam. 

The  eastern  half  of  the  connty  of  thirham  reposes,  to  the  north  of  the 
city  of  Duriiam,  chiefly  upon  the  coal  measures,  {sand-stones  and  shales;) 
to  the  south,  chiefly  on  the  m^gnestan  lime-stone  and  the  new-red  sand- 
stone. These  coal  measures  rise,  here  and  there,  into  considerable  eleva- 
tions, as  at  Gateshead  Felt  near  Newcastle,  and  Bnmdon  fiin  »ear  Dur- 
ham, where  the  rocks  lie  immediately  beneath  ^e  surface,  and  ate  cov- 
ered by  comparatively  liitte  transported  matter.  The  magnesian  lime- 
stone, sflsD,  in  many  localities,  starts  up  in  the  farm  of  tDond  ni!h  t>r  ridges, 
on  which  reposes  only  a  poor  thin  son,  formed  in  great  measure  by  the 
crumbling  of  the  rock  itself.  Yet,  generally  speaking,  thb  entire  dis- 
trict is  overspread  with  a  l)iick  sheet  of  drifbra  matter,  consisting  of 
clays,  sands,  and  gravels. 

This  drift  is  made  up  of  three  separate  layefB,  to  be  observed  more  or 
less  distinctly  in  taking  a  general  sorvey  of  the  county,  though  there  atre 
few  spots  where  tbey  can  all  be  seen  reposing  immecliately  one  over  the 
other. 

P.  The  vpper  layer  consists  of  clays-'Hm  the  Ikigber  grtrands,  poor, 
stiff!  yenow->-K)n  the  hltl-sides  and  slopes  of  the  valleys,  (men  dariier  in 
eokiar'^4>ut  almost  everywhere  full  of  rounded  trap  teuiden*  ftom  &  lew 

*  In  •oma  pacts  of  NoithnmlMilaod  ttiaae  trap  bouldeaa  ave  atiU  mora  numanMia.  In  Um 
aooniiy  wliteb  alratehea  between  flM emth and  aoofh  lyae,  the  6M  graHialdaan  fMI  ot 
thaaa.  A  Mend  of  mine  Informa  me  that  In  ptooghing  out  a  nlna^Mra  fleld  on  hiaaalata  In 
tbat  dIMet,  tbera  wera<la«  out  and  canted  off  no  leaa  Uum  9QOtooa  of  aooh  raltodalMMS 
——•-"-• U! 
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poands  to  many  tons  in  weiglit.  These  are  generally  das  up  when  they 
obstnict  the  plough,  and  are  sold  for  mending  the  roads  at  about  ^.  a 
too.     This  clay  varies  in  depth,  from  one  or  two,  to  fifty  or  sixty  feet^ 

2^.  Beneath  the  clay  occurs  an  accumulation  of  fine,  generally  yel- 
low, more  rarely  red,  sand,  intermixed  with  occasional  layers  and 
round  hills  of  gravel — with  frequent  black  streaks  of  rounded  coal  dust, 
and  here  and  there  with  nests  of  rounded  lumps  of  coal,  from  balf  an 
inch  to  ^ve  or  six  inches  in  diameter.  This  coal  is  sometimes  so  abun- 
dant as  to  be  collected  and  sold  for  burning. 

The  gravels,  where  they  overlie  the  coal  measures,  consist  chiefly  of 
rounded,  and  on  the  upper  part  occasionally  of  large  angular  masses 
of  coal  sand-stooes^with  here  and  there  a  fragment  of  trap,  of 
mountain  lime-stone,  or  of  some  of  the  older  rocks  to  be  met  with  in 
the  mountainous  districts  towards  the  west.  Over  the  magnesian  lime- 
srooe,  however,  in  the  south-eastern  division  of  the  county,  towards  the 
foot  of  the  south-eastern  slope  of  the  magnesian  lime-stone  hills,  the  era- 
vela  which  exhibit  in  some  places  (Wynyard)  an  irregular  stratification, 
contain  many  rounded  masses  of  magnesian  lime-stone,  and  even  of 
new-red  sand-stone — the  evident  debris  of  adjacent  rocks  long  ago  bro- 
ken up. 

3°.  The  undermost  layer  which  rests  immediately  upon  the  subjacec 
rocks  consists  of  a  stiff  unstratified  blue  clay  ofien  full  of  trap  boulde» 
but  containing  also  occasional  large  rounded  masses  of  blue  lime-stone 
—and  smaller  pebbles  of  quartz,  of  granite,  and  of  the  older  slate  rocks. 
In  many  localities  this  clay  is  wanting,  and  the  sands  or  gravels  rest  im- 
mediately upon  the  carboniferous  or  magnesian  lime-stone  rocks— while 
in  some  tracts,  both  this  and  the  upper  clay  appear  to  degenerate  into  a 
stony  most  unmanageable  clayey  gravel.  1  am  not  aware  that  the 
large  whin  (trap)  boulders  are  ever  met  with  in  the  beds  of  sand. 

The  following  diagram  exhibits  the  mode  in  which  these  drilled  mate- 
rials present  themselves  in  the  neighbourhood  of  the  city  of  Durham. 
The  cross  (f )  indicates  veiy  nearly  the  site  of  Durham  on  the  banks  of 
the  river  Wear, 


No.  1  represents  the  coal  measures. 

2.  The  lower  new-red  sand-stone,  here  soft  and  pale  yellow. 

3.  The  magnesian  lime-stone  rising  into  a  high  escarpment  from  3  to 
6  miles  south  of  the  city. 

4.  Yellow  loose  sand— with  rolled  sand-stones  and  coal-drift— occa- 
sionally stratified.  It  forms  the  numerous  picturesque  round  hills  in  the 
neighbourhood  of  the  city,  and  varies  from  a  few  feet  to  tx>tle8S  than  120 
feet  in  thickness. 

5  is  the  upper  clay,  with  boulders.  N  indici^es  Framwellgafis 
Moor,  where  it  is  only  a  few  feet  thick.  At  S,  on  the  sooihem  slope  of 
the  escarpment,  it  some'imes  rests  immediately  on  the  rock  as  here  re- 
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presented— >in  which  case  it  is  difficult  to  decide  whether  it  should  he  con* 
stdered  as  the  under  or  the  upper  clay— though  in  other  spots  both  sand 
aod  clay,  or  gravel  and  clay,  present  themselves. 

It  will  at  once  occur  to  you  from  the  inspection  of  this  diagram,  that 
the  general  character  of  the  soil  in  the  county  of  Durham,  wherever 
such  accumulations  of  drifted  matter  occur,  is  not  to  be  judged  from  the 
nature  of  the  rocks  on  which  they  are  known  to  rest. 

Another  fact,  not  unwonhy  of  your  attention,  is  the  rapid  alternations 
of  light  and  heavy  soil,  of  sands  or  gravels  and  clays,  which  present 
themselves  in  the  same  district,  I  may  say  in  the  same  farm,  and  oflen 
in  the  same  field.  This  arises  from  the  irregular  thickness  of  the  de- 
posit of  sand  or  gravel  over  which  the  upper  clay  rests.  The  surface 
of  this  sand  is  undulating,  as  if  it  had  formed  a  country  of  round  hills 
before  the  clay  was  deposited  upon  it.  This  appears  in  the  following 
diagram,  which  represents  the  way  in  which  the  several  layers  are  seen 
to  occur  in  the  Crindon  cut  on  the  Hartlepool  railway :— • 


Here  1  is  the  magnesian  lime-stone,  not  visible ;  2,  the  under  clay, 
with  boulders ;  3,  the  sand  rising  in  round  hills,  and  here  and  there 
piercing  to  the  surface ;  and  4,  the  upper  boulder  clay. 

In  the  county  of  Durham  it  is  a  very  usual  expression  that  the  tops 
of  the  hills  are  light  turnip  soil— but  that  they  faU  off  to  clay.  Both  the 
xneanine  and  the  cause  of  this  are  explained  by  the  above  diagram. 

Nor  18  this  mode  of  occurrence  rare  among  the  alternate  sands  and 
clays  of  which  the  superficial  accumulations  in  various  parts  of  the 
country  consist.  Nearly  the  same  circumstances  give  rise  to  the  rapid 
changes  so  frequently  observed  in  the  character  of  the  soil,  as  we  pass 
from  field  to  field,  not  in  this  county  only,  but  in  various  other  parts  of 
our  island. 

§  7.  How  far  these  accumulations  of  drift  interfere  tpUh  the  general 
deductions  of  Agricultural  Geology, 

Thus  it  appears,  that  over  the  eastern  half  of  the  county  of  Dur- 
ham, and  over  large  portions  of  other  counties,  the  soils  are  found  to 
rest  upon  and  to  derive  their  character  from  accumulations  of  drified 
matenals  more  or  less  diflerent  in  their  nature  from  the  rocks  that  lie 
beneath. 

But  in  the  preceding  lecture  I  have  endeavoured  to  show  you  that 
soils  are  derived  from  me  rocks  on  which  they  rest,  and  to  impress  upon 
you  the  close  general  relation  which  exists  between  the  kind  of  rocks  of 
which  a  country  is  composed,  and  the  kind  of  soils  by  which  lU  surface 
is  overspread. 

How  are  these  apparent  contradictions  to  be  reconciled?   How  is  any 
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flegree  of  order  to  be  erolved  oat  of  this  apparent  confusion  ?  Are  the 
Kenefaliodications  of  agricultaral  geology  (Lecture  xi.,  §8, )  still,  in  any 
degree,  to  be  relied  upon  ? 

They  are,  and  (or  the  following,  among  other  reasons : 

1°.  It  is  Btili  generally  true  that  where  a  considerable  extent  of  coun- 
try rests  npon  any  known  rock,  the  soil  in  that  district  derives  its  usual 
character  from  the  nature  of  that  rock.  Thus  though  large  portions  of 
Cheshire  and  Lancashire  are  covered  with  drift,  yet  the  soil  of  these 
counties,  taken  as  a  whole,  has  the  general  characters  of  the  soils  of 
the  new-red  sand-stone,  which  in  that  part  of  England  is  so  largely  de- 
veloped. 

2^.  Where  the  drift  overspreads  any  large  area,  it  is  found  to  become 
gradualljr  mixed  up  with  the  fragments,  large  and  small,  of  the  rocks 
upon  which  it  reposes.  Thus  in  the  neighbourhood  of  Durham,  the 
Toand  hills  of  sand  and  gravel  with  intermingled  coal  consist  in  great 
part  of  the  ruins  of  the  sand-stones  of  the  country  itself— while  the 
clays,  no  doubt,  are  partly  derived  from  the  shale  beds  which  occur  in- 
termingled with  the  sand-stones  of  the  same  coal  measures.  Hence  the 
soils  of  the  northent  half  of  this  county,  in  general,  still  partake  of  the 
vsital  qualities  of  those  of  the  coal  measures  and  mill-stone  grit  (pp. 
249  and  250).  In  the  western  and  higher  part  of  the  district  they  lie 
more  immediately  on  the  rocks  from  which  they  have  been  denved, 
while  on  the  eastern  half  they  rest  on  a  mixture  of  the  accumulated 
ruins  of  the  same  rocks,  which  have  been  transported  by  natural  agents 
to  a  greater  or  less  distance  from  their  natural  site. 

It  is  true  that  there  are  mixed  up  with  these  many  portions  of  other 
TDcks  brought  from  a  stiil  greater  distance,  but  these  bear  but  a  small 
proportion  to  the  entire  mass,  and  hence  have,  generally  speaking,  but 
little  influence  in  altering  the  mineral  character  of  the  whole. 

3**.  It  may  indeed  be  staled  as  generally  true,  that  the  greats  propor- 
tion of  tlie  transported  materials  which  lie  upon  any  spot  has  been 
brought  only  a  comparatively  small  distance.  Thus  the  sands  and  gra- 
vels in  the  county  of  Durham^to  the  west  of  the  magnesian  lime- 
atone — consist  chiefly  of  the  fragments  of  the  coal  measures.  East  and 
aouth  of  the  magnesian  lime-stone  escarpment  (diagram,  p.  271),  they 
become  mixed  with  rounded  masses  of  this  lime-stone.  On  the  new- 
red  sand-stone  of  the  south-east  of  the.  county,  they  consist  chiefly  of 
magnesian  lime-stone  mixed  with  fragments  of  the  red  sand-stone— 
and  on  crossing  the  Tees,  the  debris  of  the  lias  bills  begins  to  appear 
among  them. 

In  countries,  therefore,  where  drifted  sands  and  gravels  prevail  on  the 
surface,  they  generally  consist  of  the  fragments  of  rocks  which  lie  at  no 
mat  distance — generally  towards  the  higher  ground — ^the  natural  ten- 
dency being  for  the  debris  of  one  kind  of  rock,  or  of  one  forntatlon,  to 
overULp^  to  a  greater  or  less  extent  the  surface  of  the  ad^ning  rock  or 
formation.  By  this  overlapping,  the  geographical  position  of  a  given 
soil  is  removed  to  a  greater  or  less  distance  beyond  the  line  indicated  by 
the  geological  position  of  the  rocks  from  which  it  is  derived.  Thus,  a 
coal  measure  soil  may  overspread  part  of  the  rhagnesian  lime-stone— 
a  red  sand-stone  soil  may  partially  cover  the  lias,  and  so  on— ibe  general 
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cbaracteiB  and  disdnctioos  of  the  soil  peculiar  to  each  rack  bang  sdn 
preserved  beyond  the  spaces  upon  which  tbey  have  been  acddentallj 
intermingled. 

4^.  To  this,  and  to  each  of  the  other  statements  above  made,  there  are 
many  local  excepdoos.  For  instance,  what  is  true  of  sands  and  gravels, 
will  not  so  well  apply  to  the  fine  mud  of  which  many  clays  are  formed. 
Once  commit  Uiese  to  the  water,  and  if  it  has  any  motion,  tbey  may  bo 
transported  to  very  great  distances  from  their  original  site.  RiveiSi 
lakes,  and  seas,  are  ue  agents  by  which  these  extensive  diffusions  are 
effected.  The  former  produce  what  are  called  alluvial  formations  or  de- 
posits ;  which  are  generally  rich  in  all  the  inorganic  substances  that 
plants  require,  and  hence  yield  rich  returns  to  the  agricultural  labourer. 
Thev  are  usually,  however,  distinguished,  and  their  boundaries  mariied, 
by  the  geologist—- so  that  the  soils  which  repose  upon  them  do  not  con- 
tradict any  (^the  general  deductions  he  is  prepared  to  draw,  in  regard  to 
the  general  agricultural  capabilities  of  a  country,  from  the  kind  ^  rocks 
of  which  it  consists. 

Thus  though  the  occurrence  of  extensive  fields  of  drid  over  various 
parts  of  almost  every  country,  does  throw  some  further  difficulty  over 
the  researches  of  the  agricultural  geologist,  and  requires  from  him  the 
application  of  greater  skill  and  caution  before  he  pronounce  with  cer- 
tainty in  regard  to  the  agricultural  capabilties  of  any  spot  before  he  visit 
it.-.yet  it  neither  contradicts  die  general  deductions  of  the  geologist  nor 
the  special  conclusions  he  would  be  endtled  to  draw  in  regard  to  the 
ability  of  any  country,  when  rightly  culdvated,  to  maintain  in  comfort 
a  more  or  less  numerous  population.  The  political  econatnist  may  sdli, 
by  a  survey  of  the  geological  map  of  a  country,  pronounce  with  some 
confidence  to  what  degree  the  agricultural  riches  of  that  country  might 
by  industry  and  skill  be  brought— ^nd  which  districts  of  an  entire  conti- 
nent are  fitted  by  nature  to  maintain  the  most  abundant  population. 
The  intending  emigrant  may  still,  by  the  same  means,  say  in  what  new 
land  he  is  most  likely  to  find  a  propitious  soil  on  which  to  expend  his 
labour— or  such  mineral  resources  as  will  best  aid  his  agricultural  pur- 
suits ;— while  a  careful  study  of  the  geological  map  of  his  own  country 
will  still  enable  the  skilful  and  adventurous  farmer  to  determine  in  what 
.  counties  he  will  meet  with  soils  that  are  suited  to  that  kind  of  practice 
with  which  he  is  most  familiar— or  which  are  likely  best  to  reward 
him  for  the  application  of  the  newest  and  most  approved  methods  of 
culture. 

Still  there  are  some  aids  to  this  kind  of  knowledge  yet  wanting.  We 
have  geological  maps  of  all  our  counties,  in  which  the  boundaries  of  the 
several  rocky  formations  are  more  or  less  accurately  pointed  out,  and 
from  these  maps,  as  we  have  seen,  much  valuable  agricultural  informa- 
tion may  be  fairly  deduced.  We  have  also  a^ricvltural  maps  of  many 
counties,  compiled  with  less  care,  and  ofien  with  the  aid  of  little  geolo- 
gical knowledge,  as  that  of  Durham  in  Bailey's  '  View  of  the  Agricul- 
ture of  the  County  of  Durham,'  published  in  1810.  But  agriculture 
now  requires  geological  maps  of  her  own — ^which  shall  exhibit  not  only 
the  limits  of  rocky  fonhations,  but  also  the  nature  and  relative  extent 
of  the  superficial  deposiu  (drifts},  on  which  the  soils  so  ofien  rest,  and 
fiom  which  they  are  not  unfrequendy  formed.    These  would  afibid  a 
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mirB  bans  on  whidi  to  nst  oar  opiniona  in  regard  to  the  anieultflnd  ea- 
pabiliiies  of  the  several  parts  of  a  couoty  in  which,  though  the  rocks  are 
the  samei  the  soils  may  oe  very  dlfiereDt.  To  the  study  of  these  drifted 
materials,  in  conoection  with  the  action  of  ancient  glaciers  (p.  869),  the 
attention  of  geologists  is  at  present  much  directed,  and  from  their  labours 
agriculture  will  not  fail  to  reap  her  share  of  practical  benefit— -the  ^lo- 
gical survey,  also,  so  ably  superintended  by  Mr.  De  La  Beche,  is  ool- 
kctiog  and  reoordinff  much  valuable  information  in  regard  to  the  agri- 
cultural geology  of  the  southern  counties— but  it  is  not  unworthy  the  coa* 
uderation  of  our  leading  agricultural  societies— whether  some  portion  of 
their  encouragement  mi^ht  not  be  beneficially  directed  to  the  preparation 
ofagricuUural  maps,  which  should  represent,  by  difierent  colours,  the  agri- 
cultural capabilities  of  the  several  parts  of  each  county,  bfsed  upon  a 
knowledge  of  the  soils  and  sub-soils  of  each  parish  or  township,  and  of 
the  rocks,  whether  near  or  remote,  from  which  they  have  been  seveially 
derived. 

Before  leaving  this  subject,  I  will  call  your  attention  to  one  practi- 
cal ap|)lication  of  this  knowledge  of  the  extensive  prevalence  of  drifis, 
which  is  not  without  its  value.  Bein^  acquainted  with  the  nature  of  the 
rocks  In  a  country,  and  with  its  physical  geography^^that  is,  which  of 
these  rocks  form  the  hills,  and  wluch  the  valleys  or  plains— we  can  pre- 
dict, in  general,  that  the  materials  of  the  hills  will  be  strewed  to  a  greater 
or  less  distance  over  the  lower  srounds,  and  that  these  lower  scnis  will 
thus  be  more  or  less  altered  in  meir  mineral  character.  And  when  the 
debris  of  the  hilb  is  of  a  more  fertile  character  than  that  of  the  rocks 
which  form  the  plains,  that  the  soils  will  be  materially  improved  by  this 
covering :— the  soil  of  the  mill-stone  grit,  for  example,  by  the  debris  of 
the  mountain  lime-stone,  or  of  a  decayed  green-stone  or  a  basalt.  On 
the  other  hand,  where  the  higher  rocks  are  more  unfruitful,  and  the  low 
lands  are  covered  with  sterile  drifted  sands  brought  down  from  the  more 
elevated  grounds— a  knowledge  of  the  nature  of  the  subjacent  rock  may 
at  once  suggest  the  means  of  ameliorating  and  improving  the  unpromifr- 
ins;  surface-drifl.  Thus  the  loose  sand  of  Norfolk  is  fertilized  by  the 
subjacent  chalk  marl ;  and  even  sterile  heaths  (Hounslow),  on  whidi 
Dotning  grew  before,  have,  by  this  means,  been  made  to  produce  luxu- 
riant crops  of  every  kind  of  grain. 

§  8.  Cy  superficial  accumulations  of  Peat. 

Of  superficial  accumulations,  that  of  peat  is  one  which,  in  the  United 
Kingdom,  covers  a  very  large  area.  In  Ireland  alone,  the  extent  of  bog 
is  estimated  at  2,800,000  acres.  None  of  the  drifted  materials  we  have  con- 
sidered, therefore,  would  appear  so  likely  to  falsify  the  predictions  of  the 
geologist,  who  should  judge  of  the  soils  of  such  a  country  fiiom  informa- 
tion in  regard  to  the  rocks  alone  on  which  they  rest— from  a  geological 
map  for  example— as  the  occurrence  of  these  peat  bogs.  Yet  there  are 
certain  facts  connected  with  the  formation  of  peat,  which  place  bun  in 
tome  measure  on  his  guard  in  reference  even  to  accumulations  of  vege- 
table matter  such  as  these. 

1^.  There  is  a  certain  range  of  temperature  within  which  alone  peat 
seems  capable  of  being  produced.  Tnus,  at  the  level  of  the  sea,  it  is 
never  found  nearer  the  equator  than  between  the  40^  and  45°  of  latitude; 
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frfalle  iui  Ihsill  fiy«niitlB  the  poles  appears  to  be  witMn  die^Oih  d^flM. 
It  is  a  product,  therefore,  chieHy  of  the  temperate  regioas. 

Still,  on  the  equator  itself,  at  a  sufficient  altitude  above  the  sea,  the 
temperature  may  be  cool  enough  to  permit  the  growth  of  peaL  Henc6« 
though  on  the  plains  of  Italy  no  peat  is  formed,  yet,  on  tne  higher  Ap- 
pemnes,  it  may  be  here  and  there  met  with,  among  the  marshy  basins, 
and  on  the  undbroined  mountain  sides. 

3^.  The  occarrence  of  sta|pant  water  is  necessary  for  the  production 
of  peat.  Hence,  on  impervious  beds  of  clay,  through  which  the  rains 
and  springs  can  find  no  outlet,  the  formation  of  peat  may  be  expected. 
Thus  on  the  Oxford  clay  repose  the  fens  of  Lincoln,  dambridge  and 
Huntingdon  (p.  S45).  On  impervious  rocks  also,  peat  bogs  form  for  a 
similar  reason*  The  new-red  sand*s(one  is  occasionally  thus  impervi- 
ous, and  on  it,  amon^  other  examples,  repose  the  Chat  moss,  the  tract  of 
peat,  mostly  in  cultivation,  which  lies  west  of  a  line  drawn  between 
Liverpool  and  Preston,  and  the  large  extent  of  boggy  country  which 
stretches  round  the  head  of  the  Sol  way  Firth.  On  the  old  red  sand- 
stone, the  mountain  lime-stone,  the  slate,  and  the  granite  rocks,  much 
peat  occurs,  and  it  is  on  these  latter  formations  that  the  extensive  bogs  of 
43cotland  and  Ireland  chiefly  rest. 

But  though  these  two  facts  are  of  some  value  to  the  politician  and  to 
the  geologist  in  indicating  in  what  countries  and  on  what  formations  peat 
may  be  expected  to  occur,  yet  they  are  of  comparatively  little  impor- 
tance to  the  practical  agriculturist.  It  is  of  far  more  consequence  to 
him  that  the  moment  he  casts  his  eye  upon  the  face  of  a  country  he  can 
detect  the  presence  or  absence  of  peat— that  none  of  the  perplexities 
which  beset  the  nature  and  origin  of  other  superficial  accumulations  at- 
tach to  this— 4hat  he  can,  at  once,  judge  both  of  its  source  and  of  its  agri- 
cnltural  capabilities.  Though  produced  on  a  given  spot,  because  rocks 
of  a  certain  character  exist  there,  yet  its  origin  is  always  the  same — ^its 
qualities  more  or  less  uniform ,-^he  improvement  of  which  is  susceptible 
in  some  measure  alike,— and  the  steps  by  which  that  improvement  is  to 
bo  efieeted,  liable  to  variation,  chiefly  according  as  this  or  that  amefio- 
xadng  sulMtance  can  be  most  readily  obtained. 
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%tatU  chemical  eoottUuUon  of  ■oil*— ibdr  omanlc  eoiulilneiit»— AoalTib  of  wllt-Coinpo* 
■Mod  of  certtOn  ehwietcrlidc  Bolb—Ptajilcal  chmcten  of  soils. 


|p  ihft  two  pmsMng  tectnrai  we  haivti  oonaMerad  the  general  consti- 
«m ioo  and  origin  of  soils,  and  tbetr  relation  to  the  geological  stnietare  of 
the  country  in  which  they  are  found,  and  to  the  chemical  composition  of 
-the  roclcs  on  which  th^  rest.  We  have  also  discussed  some  of  the 
causes  of  dnse  ratnarkabte  differences  which  soils  are  known  to  present 
in  their  lelatioos  to  practical  agriculture.  But  a  more  intimate  and  pre- 
cise aequahitanee  with  the  <memical  ooaetituticai  of  soils  is  not  onfre- 
ooeotly  necessary  to  a  complete  undetetanding  of  the  causes  of  these  dif* 
mrences  of  the  exact  eflect  which  its  chemical  coDstitntion  has  upon  the 
fertility  of  a  soil— and  of  the  remedy  which  in  any  gi^en  circumstanees 
oM^tt  to  be  applied. 

Some  persons  have  been  led  to  expect  too  much  from  the  chemical 
amlysis  of  a  soil,  as  if  this  alone  were,  necessary  at  once  to  explain  all  its 
qealmes,  and  to  indicate  a  ready  method  of  imparting  to  it  every  desir- 
able qu^itYr— while  others  have  as  far  depreciated  their  worth,  and  ha^« 
.pronounced  them  in  all  cases  to  be  mare  cwrkms  than  tK^/W.— [Boussiii- 
.§§aaiu  *  Annal.  de  Chim.  et  de  Pbys.'  Ixrii.,  p.  9.1  Tlie  truth  here,  as 
on  mostotiier  subjects,  lies  in  the  middle  between  these  extreme  opinions* 

If  you  have  followed  me  in  the  vieWt  I  hare  endeavoured  to  pressupon 
jpuo  in  regard  to  the  necessity  of  morganie  food  to  plants — ^which  food 
ean  only  be  derived  from  the  soil,  imd  which  most  vary  in  kind  and 
quantity  with  the  species  oftrop  to  be  raised,— >yoa  will  at  once  perceii^ 
^atdie  Hgoraui  analysb  of  a  soil  may  impart  most  valuable  knowledge 
to  the  practical  man  in  the  form  of  ueeAil  suogestioos  for  its  improvement. 
It  ^n&v  indeed  show  that  to  apply  the  only  available  substances  to  the 
anil  which  are  capable  of  remedying  its  delbcts,  wonki  iirvolve  an  expense 
for  which,  in  existing  cirenmscanoes,  the  land  couM  never  give  an  eqaiva- 
lant  return.  Yet  even  in  this  latter  case  the  results  of  analysis  will  not  be 
heir  value  to  the  prudent  man,  sinoe  they  will  deter  him  fhmi 
J  to  hs  wo\\  what  he  knows  it  already  to  contain,  and  will  set  him 
upon  tiie  search  after  some  more  economical  source  of  those  ingredientB 
which  aie  likely  to  benefit  it  most. 

It  will  be  proper,  dierefore,  to  tumour  attention  briefly  to  the  eonide- 
ntioB  of  the  exact  chsmical  conttitution  of  soils. 

§  1.  QfiKe  4xact  natwre  of  the  organic  constUuenU  ofioiU,  and  of  the 

mode  of  separaUng  them* 
We  have  already  seen  in  Lecture  XI.,  p.  229,  that  all  soils  contain  a 
greater  or  less  admixture  of  organic— chiefly  vegetable — matter,  the 
total  araonnt  of  which  may  be  very  nearly  determined  by  burning  the 
dried  soil  at  a  red  heat  till  all  blackness  disappears  (p.  233).  But  this 
vegetable  eaailer  eonsisis  of  several  diflbrent  chevnlcel  eompoutitfsi  the 
MUiiB  ndi  relaiive  weiglita  of  wtaMi  ii  h  ooeaiidtrtdly  ef  eoieeqaemw  «> 
be  able  to  determine. 


tTS  iTATumx  or  vum  obaahic  confTiTOKirn  or  totu* 

1^.  HWfiiM.— The  general  oame  of  hamiie  Ls  gi^ren  to  the  fine,  brofwn 
light  powder  which  impaits  their  richness  to  vegetable  moalds  and  gar- 
den soils.  It  is  formed  frtMn  the  gradual  decomposition  of  vegetable 
matter,  exisu  in  all  soils,  forms  the  substance  of  peat,  and  consists  of  a 
mixture  of  several  difierent  compounds  which  are  naturally  produced 
during  the  decay  of  the  different  parts  of  plants.  It  is  distinguished  into 
mUd,  sour,  and  coaly  humus. 

The  mUd  gives  a  brown  colour  to  water,  but  does  not  render  it  sour, 
gives  a  dark  brown  solution  when  boiled  with  carbonate  of  soda,  evolves 
ammonia  when  heated  with  caustic  notash  or  soda  or  with  slaked  lime, 
and  leaves  an  ash  when  burned  wnich  contains  liose  and  magnesia. 
The  $our  gives,  with  water,  a  brown  solution  of  a  more  or  lees  soar 
taste,  [or  reddens  vegetable  blues-Hsee  page  45.J  This  variety  is 
less  favourable  to  vegetation  than  the  former,  and  indicates  a  want  of 
lime  in  the  soil.  The  coaly  humus  gives  little  colour  to  water  or  to  a 
hot  solution  of  carbonate  of  soda,  leaves  an  ash  which  contains  Utile 
lime,  occuie  generally  on  the  surface  of  very  sandy  soils,  and  is  very  un* 
fruitful.  It  is  greatly  ameliorated  by  the  addition  of  lime  or  wood 
ashes. 

2°.  Humic  acu2.— When  a  fertile  soil  or  a  piece  of  dry  peat  is  boiled 
with  a  solution  of  the  common  carbonate  of  soda  of  the  shops,  a  brown 
solution,  more  or  less  dark,  is  obtained,  from  which,  when  diluted  muri- 
atic acid  (spirits  of  salt)  is  added  till  the  liquid  has  a  distinctly  soar 
taste,  brown  flocks  begin  to  fall     This  brown  flocky  matter  is  hmmic  add. 

3°.  UUnic  (Kt<i.— If,  instead  of  a  solution  of  carbonate  of  soda,  one 
of  caustic  ammonia,  (the  hartshorn  of  the  shops,)  be  digested  upon  the  scmI 
or  peat  by  a  gentle  hieat,  a  more  or  less  dark  brown  solution  is  obtained, 
which,  on  the  addition  of  muriatic  acid,  gives  brown  flocks  as  beforot 
but  which  now  consists  of  ii^atc  add. 

These  two  acids  combine  with  lime,  magnesia,  alumina,  and  oxide  of 
iroii,  forming  cmnpounds  (salu)  which  are  respectively  distinguished  by 
the  names  of  humaten  and  tdmaU$,  They  probably  both  exist,  ready 
fi>rmed,  in  the  soil  in  variable  proportions,  and  in  combination  with  one 
or  more  of  the  earthy  substances  above  mentioned — lime,  alumina,  6cc, 
They  are  produced  by  the  decay  of  vegetable  mauer  in  the  soil,  wlucfa 
decay  is  materially  facilitated  bv  the  presence  of  one  or  other  of  these 
substances,  and  by  lime  especially— Km  the  principle  that  the  formatiaD 
of  acid  comiwunds  is  in  all  such  cases  much  promoted  bv  the  preseooe 
of  a  substance  with  which  that  acid  may  combine,  l^ey  predimte 
organic  snbstances  to  the  formation  of  sudi  acids,  and  oonsequentty  to 
the  decomposition  by  which  they  are  to  be  produced.  These  two  acids 
consist  respectively  of 

BomleMldL  UlBieMldi     • 

Carbon 63  57 

Hydrogen 6  Al 

Oxygen 31  38j 
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Some  writers  upon  agrieultare  have  supposed  tiiat  these  adds  ooa- 
tribute  veiy  materially  to  the  suppoA  of  growing  plants.    Bat  Liebig 
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has  yei^  properly  objected  to  this  opioioD,*  thiit  they  are  00  veiy  sparinriy 
soluble  in  water  that  we  canoot  sappose  them  to  enter  directly  into  the 
roots— even  were  all  the  water  they  absorb  to  be  saturated  with  them— 
in  such  quantity  as  to  contribute  in  a  great  degree  to  the  organic  aiaaw 
contained  in  almost  any  crop.f 

We  have  indeed  seen  reason  to  conclude  on  other  grounds,  that  only  a 
small,  though  a  variable,  proportion  of  the  carbon  of  plants  is  derived 
from  the  soil,  yet  of  this  proportion  a  certain  quantity  may  enter  by  the 
roots  in  the  form  of  one  or  other  of  these  acids,  or  of  their  earthy  cooi^ 
pounds.  They  aro  readily  soluble  in  ammonia;  and  animal  manures 
which  give  on  this  compound  in  the  soil  may  therefore  facilitate  their 
entrance  into  the  roots  of  those  plants  which  are  cultivated  by  the  aid  of 
such  manures.  They  are  also  soluble  in  carbonate  of  potash  and  car- 
bonate of  soda,  wbicn  are  contained  in  wood  ashes  and  in  the  ash  of 
weeds  and  of  soils  which  are  pared  and  burned.  When  these  substan- 
ces, therefore,  are  applied  to  the  land,  they  may  combine  with,  and, 
among  their  other  beneficial  modes  of  action,  may  serve  to  introduce, 
these  acids  in  larger  quantity  into  the  plant. 

When  exposed  to  the  air,  the  humaies  and  ulmates  contained  in  the 
soil  undergo  decomposition,  give  off  carbonic  acid,  and  are  changed  into 
carbonates.  The  admission  of  air  into  the  soil  facilitates  this  decompo- 
sition, which  is  supposed  to  be  continually  going  forward^and  it  is  in  the 
form  of  this  gas  that  plants  are  considered  by  some  to  imbibe  the  largest 
portion  of  that  carbon  for  which  they  are  indebted  to  the  soil. 

4^.  Crenie  and  Aprorrenic  acida.^^Wheti  soils  are  digested  or  washed 
with  hot  water,  a  quantity  of  organic  matter  is  not  unfrequeotly  dissolved, 
which  imparts  to  the  water  a  brownish  yellow  colour.  When  the  solu- 
tion is  evaporated  to  dryness,  there  remains  besides  the  soluble  saline 
substances  of  the  soil,  a  variable  portion  of  brown  extractive  looking 
matter  also,  which  is  a  mixture  of  the  two  acids  here  named,  with  the 
ulmic  and  humic— all  in  combination  with  lime,  alumina,  and  other  bases. 
When  this  residue  is  dried  at  230^  F.,  the  two  latter  acids,  and  their 
compounds,  become  insoluble,  while  the  crenales  and  apocrennUs,  more 
especially  the  former,  remain  soluble  in  water,  and  may  be  separated 
by  washing  with  this  liquid. 

These  acids  also  are  formed  in  the  soil  during  the  decay  of  vegetable 
matter.  They  are  distinguished  from  the  two  previously  described  by 
containing  nitrogen  as  an  essential  constituent,  and  by  formmg  compounds 
with  lime,  &c.,  which  are,  for  the  most  part,  readily  soluble  in  water. 
Hence  they  will  both  prove  more  nourishing  to  plants— -in  virtue  of  the 
nitrogen  they  contain-^and  in  consequence  of  their  solubility,  will  be  able, 
where  they  exist,  to  enter  more  readily,  and  in  greater  abundance,  into 
the  roots  than  either  the  ulmic  or  the  humic  acid. 

Owine  to  this  solubility,  also,  they  are  more  readily  washed  out  of  the 
■oil  by  the  rains,  and  hence  are  rarely  present  in  any  considerable  quan- 

*  Orgmie  Chemitry  appUed  lo  Agrladtun^  lint  edlUon,  pp.  1 1  and  12. 

f  mmie  seid  reqalres  nOO  timM  Its  weixht  of  watur  to  dtaoire  It-aliiMte  of  Ume  2000 
ttMi^  and  ulnute  of  alomins  4900  tlme»-'6at  an  an'  idll  loaa  aoliilila  after  thej  have  beoil 
perfeeily  dried,  or  expoaed  to  the  actloo  of  a  hard  wioter'a  froet  The  oloiatea  of  poCaah, 
.   . ,areandf«MlrodiBwaisrwitbcoBaldenMsease. 
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tity  ia  specimens  of  soil  which  are  sabraitted  to  analysis.  They  are  &e* 
qiiently,  however,  met  with  in  springs  and  in  the  drainings  of  the  land. 
'They  have  even  been  found  in  minute  quantity  in  rain-water,*  it  is  pro- 
bable that  they  ascend  into  the  air  in  very  small  proportion  with  the 
watery  vapour  that  rises.  Thb  exhibits  another  form,  therefore,  in 
which  the  rains  may  minister  to  the  growth  of  plants  (see  page  36). 

Both  acids  form  insoluble  compounds  with  the  peroxide  of  iron — and 
hence  are  found  in  combination  with  raan^  of  the  ochrev  deposits  from 
ferruginous  springs,  and  with  the  oxide  of  iron  by  whicn  so  many  soils 
are  coloured.  The  apocrenic  acid  has  also  a  peculiar  tendency  to  com- 
bine with  alumina,  with  which  it  forms  a  compound  insoluble  in  water, 
and  in  this  state  of  combination  it  probably  exists  not  nnfrequently,  espe* 
cially  in  clayey  soils. 

When  heated  with  newly  slaked  quick-lime  these  acids  give  off*  am- 
monia and  carbonic  acid.  By  the  acdon  of  the  air,  and  of  lime  in  the 
soil,  they  are  probably  decomposed  in  a  similar  manner,  though  with 
much  less  rapidity. 

5^.  Mudeious  acid  is  another  dark  brown  acid  substance,  which  is  also 
produced  naturally  in  the  soil.  It  resembles  the  apocrenic,  in  having 
a  strong  tendency  to  combine  with  alumina.  In  union  with  this  acid  it 
is  slowly  washed  out  of  the  soil  by  the  rains,  or  filters  through  it  when 
the  water  can  find  an  outlet  beneath.  This  is  seen  to  be  the  case  in  some 
of  the  caves  on  the  Cornish  coast,  where  the  waters  that  trickle  through 
from  above  have  gradually  deposited  on  their  roof  and  sides  a  thick  in- 
crustation of  mudesite  of  alwmna.f 

Besides  these  acids,  it  is  known  that  the  malic  and  the  acetic  (vine- 
gar^ are  occasionally  produced  in  the  soil  during  the  slow  decay  of  vege- 
table matter  of  diflferent  kinds.  It  is  probable  that  many  other  analo- 
gous compounds  are  likewise  formed^-whieh  are  more  or  less  soluble  in 
water,  and  more  or  less  fitted  to  aid  in  the  nourishment  of  plants.  Tliere 
is  every  reason  to  believe,  indeed,  that  organic  substances  in  the  soil  pass 
dirough  many  successive  stages  of  decomposition,  at  each  of  which  they 
assume  new  properties,  and  become  more  or  less  capable  of  aidine  in 
the  support  of  living  races.  The  subject  is  difficult  to  investigate,  be- 
cause of  the  obstacles  which  lie  in  the  way  of  exactly  separating  from 
each  other  the  small  quantities  of  the  different  organic  compounds  that 
occur  mixed  up  together  in  the  soil.  But  it  seems  quite  clear,  that  while 
•ome  affricnltural  chemists  have  erred  in  describing  the  ulmic  and  hu- 
mic  acids  as  the  immediate  sonrce  of  a  large  portion  of  the  carbon  of 
plants,  others  have  no  less  misstated— as  I  apprehend— the  true  course 
of  nature,  who  deny  any  direet  infloence  to  tnese  and  other  substances 
t)f  vegetable  origin,  and  limit  their  use  in  the  soil  to  the  supply  of  car- 
bonic acid  only,  which,  on  their  ultimate  decomposition,  they  are  capa- 
ble of  yielding  to  the  roots.  The  resources  of  vegetable  life  are  not  so 
limited;  bat  as  the  human  sttMnach  can,  and  does,  on  occasion,  convert 
into  nourishment  many  different  compoands  of  the  same  elements,  so, 
no  doubt,  many  of  those  organic  compounds  which  are  produced  ia  the 
soil,  or  in  fermaotiiig  mannra  during  the  decay  of  animal  and  vegetable 
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bodie8,---wheii  once  admitted,  in  ooosequence  of  their  eolabili^,  into  the 
circulating  system  of  plants,— are  converted  into  portions  of  their  sub- 
stance, and  really  do  minister  to  their  natural  growto. 

Separation  of  these  Organic  Constituenta. — 1®.  When  on  washing 
with  hot  water  a  soil  imparts  a  colour  to  the  solution,  the  liquid  must  be 
filtered  and  evaporated,  to  perfect  dryness.  On  treating  with  water 
what  remains  after  the  evaporation,  (he  humic  acid  and  hu mates  remain 
insoluble,  while  the  crenic  and  apocrenic  acids  are  taken  up  by  the  wa- 
ter along  with  the  soluble  saline  matter  which  the  soil  may  nave  con- 
tained. By  evaporating  this  second  solution  to  perfect  dryness,  weigh- 
ing the  residue,  and  then  heating  it  to  dull  redness  in  the  air,  the  loss 
will  indicate  something  more  than  the  quantity  of  these  acids  present  in 
the  soil.  By  burning  the  dried  insoluble  matter,  also,  the  quantity  of 
humic  acid  present  in  it  may  in  like  manner  be  determined. 

2^.  After  being  washed  with  pure  water,  the  soil  is  to  be  boiled  with 
a  solution  of  carbonate  of  soda,  repeated  once  or  twice  as  long  as  a  brown 
solution,  more  or  less  dark,  is  obtained.  Being  filtered,  and  then  ren- 
dered sour  by  muriatic  acid,  brown  flocks  fall,  which  being  collected  on 
the  filter,  perfectly  dried  and  weighed,  give  the  quantity  of  humic  acid 
in  the  soil.  As  this  dry  humic  acid  generally  contains  some  earthy 
matter,  it  is  more  correct  to  burn  it,  and  to  deduct  tbe  weight  of  the  ash 
which  may  be  left. 

3^.  The  insoluble  (coaly^  humus  still  remains  in  the  soil.  On  boiline 
it  now  in  a  solution  of  caustic  potash  for  a  length  of  time,  and  till  a  fresh 
solution  ceases  to  become  brown,  the  coaly  humus  is  entirelydissolved— 
being  converted  according  to  Sprengel  into  humic  acid.  The  addition 
of  muriatic  acid  to  this  solution,  till  it  has  a  sour  taste,  throws  down  the 
humic  acid  in  the  form  of  brown  flocks,  which  may  be  collected,  dried, 
and  weighed  as  before. 

4^.  If  there  be  any  mudesite  of  alumina  in  the  soil,  it  is  also  dis- 
solved by  the  potash,  but  is  not  thrown  down  when  the  solution  is  ren- 
dered sour  by  muriatic  acid.  The  entire  weight  of  organic  matter  in  the 
soil  being  therefore  determined  by  burning  it  in  the  air,  after  being 
perfectly  dried,  the  difTerence  between  this  weight  and  the  sum  of  those 
of  the  humic  acid  and  insoluble  humus  will  be  the  proportion  of  the 
other  adds  present.  Thus,  if,  by  burning  in  the  air,  the  soil  lose  6  per 
cent.,  and  give  2  per  cent,  of  humic  acid,  and  2  of  insoluble  humus,  there 
remain  2  per  cent,  for  other  organic  substances  in  the  soil. 

In  general,  it  is  considered  sufficient  to  ascertain  only  the  whole  loss 
by  burning,  and  the  quantity  taken  up  by  carbonate  of  soda,  the  propor- 
tion of  the  other  substances  present  being  in  most  cases  so  small  as  to  be 
capable  of  being  precisely  estimated  by  great  precautions  only. 

^2.  On  the  exact  chemieal  amstUuticnof  the  earOiypart  of  the  9oU. 

In  reference  to  the  general  origin  of  scnls — to  their  geological  rela- 
tiona— and  to  the  simplest  mode  of  classifying  them,— I  have  shown  you 
that  the  earthy  part  of  nearly  all  soils  consists  essentially  of  sand,  clay, 
and  lime  (p.  230).  But  in  reference  to  their  chemical  relations  to  the 
plants  which  grow,  or  may  be  made  to  grow,  upon  them,  it  is  necessary, 
as  yon  are  now  aware,  to  take  a  more  refined  and  exact  view  of  their 
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constitution.  This  will  appear  by  referring  to  three  important  princi- 
ples established  in  the  preceding  lectures. 

1°.  That  the  ash  of  plants  generally  contains  a  certain  sensible  pro- 
portion (^  ten  or  twelve  difierent  inorganic  substances  (pp.  216  to  221). 

2^.  That  they  can,  in  general,  only  derive  these  substances  from  ma 
•oil,  which  most,  therefore,  contain  them  (p.  181).    And — 

3°.  That  the  fertility  of  a  soil  depends,  among  other  circumstancea, 
upon  its  ability  to  supply  readily  and  in  sufficient  abundance  all  the  in- 
organic substances  which  a  given  crop  requires  (p.  228.) 

Now  the  quantity  of  some  of  these  substances  which  is  necessary  to 
plants  is  so  very  small,  that  nothing  but  a  refined  analysis  of  a  soil  is 
capable,  in  many  cases,  of  determining  whether  they  are  present  in  it  or 
not— much  less  of  explaining  to  what  its  peculiar  aefects  or  excellenciea 
may  be  owing— what  ouffht  to  be  added  to  it  in  order  to  render  it  more 
productive— or  why  certain  remarkable  effects  are  produced  upon  it  by 
the  addition  of  mineral  or  animal  manures. 

Tims,  for  example,  half  a  grain  of  gypsum  in  a  pound  of  soil  indicates 
the  presence  of  nearly  two  cwt.  in  an  acre,  where  the  soil  is  a  fool  deep,— 
a  quantity  much  greater  than  need  be  added  to  a  soil  in  which  gypsum 
is  almost  entirely  wanting,  in  order  to  produce  a  remarkable  luxuriance 
in  the  red  clover  crop.  In  100  grains  of  the  soil,  this  quantity  of  gyp- 
sum amounts  only  to  seven-thousandths  of  a  £nan«-(|^,pf,  or  0*007 
grs.)— a  proportion  which  only  a  very  carefully  conduct^  analysis 
would  be  able  to  detect,  and  yet  the  detecting  of  which  may  alone  be  able 
to  explain  the  unlike  effects  which  are  seen  to  follow  the  application  of 
gypsum  to  different  soils. 

Again,  the  phosphoric  acid  b  a  no  less  necessaiy  constituent  of  the 
soil  than  the  sulphuric  acid  contained  in  frypsum.  This  acid  Is  gener- 
ally in  combination  either  with  lime,  with  oxide  of  iron,  or  with  aiu- 
mina*-and,  as  it  is  much  more  difficult  even  to  detect  than  the  sulphuric 
acid,  requires  more  care  and  skill  to  determine  its  quantity  with  any 
degree  of  accuracy ,-*and  is  generally  present  even  in  fertile  soils  in  a 
still  smaller  proportion— >it  is  obvious  that  safe  and  useful  conclusions  can 
be  drawn  only  from  such  analyses  as  have  been  made  rigorously,  aocord- 
iogto  the  best  methods,  and  with  the  greatest  attention  to  accuracy. 

There  are  cases,  no  doubt,  where  a  rouch  analysis  may  be  of  use, 
where  the  cause  of  peculiarity  is  at  once  so  obvious  that  further  research 
is  unnecessary— as  where  mere  washing  with  water  dissolves  out  a 
noxious  sabstanoe,  such  as  sulphate  of  iron  (green  vitriol).  Bui  such 
cases  are  comparatively  rare,  and  it  more  frequently  happens,  that  the 
cause  of  the  special  aualitiesof  a  soil  only  begins  to  manifest  itself  when 
a  carefully  conducted  analysis  approaches  to  its  close.  I  shall,  therefore, 
briefly  describe  to  you  the  methods  to  be  adopted,  in  oxder  to  arrive  ax 
these  more  accurate  experimental  results.  [As  these  methods  of  analysis 
involve  considerable  detail,  I  have  transferred  them  to  die  Appendix.— 
See  Appemlix^p,  25.] 
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§5.  Of  ifttf  exad  chemical  coMtiHtUon  of  certain  soUs^  and  of  ike  ruuJUe 
to  he  deduced  from  Otem. 

But  the  importance  of  this  attention  to  rigorous  analysis  will  mora 
deaity  appear,  if  I  exhibit  to  you  the  constitution  of  a  few  of  the  nume- 
tooa  •oUsa&aljrzed  by  Sprencel,  in  connection  with  the  agricultural  quali- 
ties and  capabilities  by  whicn  they  are  severally  distinguished. 

The  following  analyses  are  selected  fiom  a  much  sieater  number  made 
by  Sprengel,  and  embodied  in  his  work  on  soils,  **  I>ie  Bodenkoade." 

1.— FXRTILE  SOIU. 

Soils  are  fertile  which  contain  a  sufficient  supply  of  all  the  minecal 
ooDStiinents  which  the  plants  to  be  grown  upon  them  are  likely  to  re- 
quire. 

1^.  Pofliirtf.— The  followrag  numbers  exhibit  the  canstitudon  of  the 
surface  soil  in  three  fertile  alluvial  districts  of  Hanover,  where  the  land 
has  been  long  in  pasture. 

Soil  DMT     TramthebaakaofllMWMM', 
OMsrbnieh.       n«ar  Boji.    Biw  WMaitt. 

Silica,  Qnam,  Sand,  and  Silicates.  84*510  71*849  83*318 

Alumina 6*436  9360  3*085 

Oxides  of  Iron 2*395  5*410  5*840 

Oxide  of  Manganese    ....      0*450  0*925  0*620 

Lime 0*740  0*987  0*720 

Magnesia 0-525  0*245  0*120 

Potash  and  Soda  extracted  by  water  0-009  0*007  0*005 

Phosphoric  Acid 0120  0*131  0065 

Sulphuric  Add 0*046  0*174  0*025 

CMorine  In  common  Salt      .    .      0*006  0*002  0-006 

fiamte  Acid 0*780  1*270  0-800 

Insoluble  Hnmns         ....      2*995  7*550  4*126 

Ongaoie  matters  ooataining  Nitrogen  0*960  2*000  1*220 

Water 0-029  0-100  0050 

100  100  100 

These  soihi  had  aH  been  long  in  pasture,  the  second  is  especially  cele- 
brated for  fattening  cattle  when  under  grass.  It  will  be  observed  that  in 
none  of  them  is  any  of  the  nuneral  ingredients  wholly  wanting,  though 
te  all  the  quantity  of  potash  and  soda  capable  of  bein^  extracted  by 
water  Is  -very  small.  This  is  ascribed  to  the  fact  of  their  having  been 
lone  IB  pasture,  during  which  the  supply  of  these  substances  is  f;radually 
wi^drawB  by  the  roots  of  the  grasses.  It  is  well  known  how,  m  our  or- 
dinary soils,  grass  is  often  renovated— how  the  mosses,  especially,  are  de-^ 
stroyed— by  a  dressing  of  wood  ashes,  which  owe  their  efiect  to  the  alkali 
they  comam.  In  the  above  soils  the  gradual  decomposition  of  the  eiU- 
oaU$  wotdd  continue  to  sopply  a  ceitaw  portion  of  alkaline  matter  ibr  an 
tndefiaile  period  of  dme. 

Yoa  will  pereeive  that  the  soil  which  is  the  most  celebrated  for  its^cU- 
Ummf  posrer,  is  also  the  richest  in  alumma,  lime,  phosphoric  acidt  sul- 
~^       t  ttcidf  Bad  vegelabld  matter. 
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2<>.  ArahU.'^ThB  foUowiog  table  exhibiu  tbe  coatdtntioQ  of  three 
soiU,  celebrated  for  yielding  sucoeesive  ciopt  of  com  for  a  long  period 
without  manure. 


Silica  and  fine  Sand 
Alumina     .         .     • 
Oxides  of  Iron      •     • 
Oxide  of  Magnesia  . 

Lime 


nomNabtMlQ, 
nearOUnatz, 
In  Moravia. 

.    77*209 

.     8-614 

.     6-692 

.     1-620 


0-927 

Magnesia 1-160 

Potash  chiefly  combined 

with  Silica  ....     0-140 
Soda,  ditto       ....    0*640 
Phosphoric  Acid  combined 
with  Lime  and  Oxide  of 

Iron 0*661 

Sulphuric  Acid  in  gypsum  0*011 
Chlorine  in  common  salt.  0*010 
Carbonic  Acid  united  to  the 

Lime — 

Humic  Acid      ....  0*978 
Insoluble  Humus  .     •    •  0*640 
Organic  substances  con- 
taining Nitrogen         •     1*108 


2. 

Obio.NoKth 
BoiL 

87-143 

6-666 

2220 

0-360 

0-664 

0*312 

0-120  I 
0*026$ 


ofchs 

MnCtU 

Bataott. 
94-261 
1-376 
2-336 
1-200 

0-243 

0*310 


FlRMB  the  polde, 

of  AIT  * — ' 

iDl 


64-617 

4-810 

8-316 

0-800 

Cart)  of  ^  .-_ 


Caib.or 


0^0 


trace 
0-034 
trace 


0*060 
0-027 
0*036 

0.080 
1.304 
1.072 


1*011  — 


10*361 

0100 
0-013 


1-221 
0009 
0-003 


0-447 


100 


100 


100 


100 


Of  these  soils,  the  first  had  been  cropped  for  160 
without  either  manure  or  naked  fallow.  The  second  was  a  virgin  soli, 
celebrated  foi*  its  fertility.  The  third  had  been  unmanured  for  twelve 
years,  during  the  last  nine  of  which  it  had  been  cropped  with  beans 
— barley — ^potatoes— winter  barley  and  red  clover-— clover— ->winter  bar- 
ley— ^wbeat— oats — snaked  fallow. 

Though  tbe  above  soils  differ  considerably,  as  you  see,  in  tbe  propor- 
tions of  some  of  the  constituents,  vet  they  all  agree  in  this— 4hat  they  are 
not  destitute  of  any  one  of  the  mineral  compounds,  which  plants  neceanr 
rily  require  in  sensible  quantity.  You  will  also  observe  how  compafa- 
tively  small  a  proportion  of  vegetable  matter,  less  than  half  a  per  cent., 
is  contained  in  the  fertile  Belgian  soil — a  fact  to  which  1  shall  by-and- 
by  recall  your  attention. 

3^.  SaiU  tDhich  have  a  natural  source  qffertUUy,^^8ome  soils,  which 
by  their  constitution  are  not  fitted  to  exhibit  any  great  degree  of  fertility, 
or  for  a  ver/  long  period,  are  yet,  bv  springs  or  otherwise,  ao  constantly 
supplied  with  soluble  saline,  and  other  substaneea,  as  to  enable  them  to 
yield  a  succession  of  crops,  without  manure,  and  without  apparent  dete- 
rioration.   Such  is  the  case  with  the  following  soil  fiEom  near  RodMii* 
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Mde,  in  Onabnick,  whicfa  gives  excellent  crops,  tboagh  manared  only 
oQce  in  10  or  13  years. 

Silica  and  coarse  Quartz  Sand     ....  86-200 

Alumina        2-000 

Oxides  of  Iron  and  a  little  Phosphoric  Acid  .  2-900 

Oxide  of  Manganese 0-100 

Carbonate  and  a  little  Phosphate  of  Lime    .  4-160 

Carbonate  of  Magnesia 0-520 

*  Potash  and  Soda 0-035 

Phosphoric  Add 0-020 

Snlpnoric  Acid 0-021 

Chlorine 0-010 

Hamic  Acid 0*544 

Insoluble  Homos    .    .    .    • 3*370 

Organic  matter  containing  Nitrogen    •    .    .  0*120 

100 

You  will  see  that,  although  in  this  soil  all  the  inorganic  sobstances  are 
really  present,  yet  the  potash  and  eoda,  ^he  phosphoric  and  sulphuric 
acids,  and  the  chlorine,  are  not  in  such  abundaoce  as  to  justify  us  in  ex- 
pecting it  to  grow  any  long  succession  of  crops,  without  exhibitiDg  the 
usual  evidences  of  exhaustion.  But  it  lies  on  the  side  of  a  hill  which  con- 
tains layers  of  lime-stone  and  marl,  through  which  the  surface  waters 
find  their  way.  These  waters  afterwards  rise  into  the  soil  of  the  field, 
impregnated  with  those  various  substances  of  which  the  soil  is  in  want, 
and  thus,  by  a  natural  manuring,  keep  up  a  constant  supply  for  each  suc- 
ceeding crop. 

This  example  is  deserving  of  your  particular  attention,  inasmuch  as 
there  are  many  soils,  in  climates  such  as  ours,  which  are  yearly  refresh- 
ed from  a  similar  source.  Few  spring  waters  rise  to  the  surface  which 
are  not  fitted  to  impart  to  the  soil  some  valuable  ingredient,  and  which,  if 
employed  for  the  purposes  of  irrigation,  would  not  materially  benefit 
those  lands  especially  on  which  our  pasture  grasses  grow.  The  same 
may  also  be  said  of  the  waters  which  are  carried  oflf  in  some  places  so 
copiously  by  drains.  Whether  these  waters  rise  from  beneath  in  springs, 
or,  falling  in  rain,  afterwards  sink  through  the  soil,  they  in  either  case 
carry  into  the  brooks  and  rivers  much  soluble  matter,  which  the  plants 
would  ^adly  extract  from  them.  On  sloping  grounds  it  would  be  a 
praiseworthy  economy  to  arrest  these  waters,  and,  before  they  escape, 
to  employ  toem  in  irrigation. 

The  net  that  nature  thus  on  many  snots  brings  up  from  beneath,  or 
down  from  the  higher  grounds,  continual  accessions  of  new  soluble  mat- 
ter to  the  soil,  will  serve  to  explain  many  apparent  anomalies,  and  to  ac- 
coimt  for  the  continued  presence  of  certain  substances  in  small  quantity, 
aithoi^  year  by  year  portions  of  them  are  carried  off  the  land  in  the 
crops  that  are  reaped,  while  no  return  is  made  in  the  shape  of  artificial 
manure.  It  will  also  in  some  instances  account  for  the  fact  that,  after  a 
hard  cropping,  prolonged  until  the  soil  has  become  exhausted,  a  few 
years'  rest  will  completelv  re-invigorate  it,  and  render  it  fit  to  yield 
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BBWMtiUMofaboodiuii  Mrs.  Oili«r  eaoMt*  as  wo  dball  hinalkv  §•% 
ffeneraily  operate  in  bringinc  about  thit  kind  of  natural  M0OTeiy«  bat 
Siere  can  be  do  queetioD  that  in  circumstances  such  aa  I  have  ncfw 
adverted  to,  this  recovery  may  be  effected  in  a  much  shorter  period 
of  time.. 

4^.  InmrUmee  of  depth  and  uniformity  of  toil. — ^If  the  aurlace  soQ  be 
of  a  fertile  quality,  ample  returns  will  be  sure  from  many  cultivated 
crops.  But  where  the  subsoil  is  similar  in  composition  to  that  of  the 
surface— not  only  may  the  fertility  of  the  land  be  considered  ar  almost 
inexhaustible,  but  those  crops  also  which  send  their  roou  far  down  will 
be  able  permanently  to  flourish  in  it.  This  fact  is  illustrated  by,  the 
composition  of  the  following  soils  from  the  neighbourhood  ef  Bruns- 
wick:— 


8oU. 

Silica  and  fine  Quarts  Sand    •  94-724 

Alumina 1*636 

Oxides  c^  Iron     .    .    .    •     ^  1*960 
Oxides  of  Manganese    .    .     > 

Lime 1*026 

Magnesia trace 

Potash  and  Soda 0-077 

Phosphoric  Acid 0-024 

Sulphuric  Acid 0*010 

Chlorine 0*027 

Humic  Acid 0*302 

Insoluble  Humus      ....  0*210 


97*340 

90*035 

0*806 

1*976 

5  1*126 
>  0-075 

5*815 

0-240 

0*296 

0*022 

0095 

0-115 

0*112 

0  300 

0*015 

0*098 

trace 

1-399 

trace 

trace 

0*135 

-. 

100  100  100 


The  first  of  these  soils  produced  excellent  crops  of  all 
plants— lucerne,  sainfoin  (esparsette),  hemp,  carrots,  poppies,  &c*  and 
with  the  aid  of  gj^psum,  reid  clover,  and  leguminous  plants  (vetcbesv 
peas,  and  beans),  in  great  luxuriance.  The  former  of  these  Acts  is  ex* 
plained  by  the  peui  similarity  in  constitution  which  exists  between  the 
surface  and  the  under  soils.  To  deep-rooted  plants  also  the  magnesia, 
in  which  the  surface  is  deficient,  is  capable  of  being  supplied  by  the  under 
soil.  The  effect  of  the  gynsum  is  accounted  for  by  the  almost  total  ab- 
sence of  sulphuric  acid  in  the  subsoil,  but  which  tlie  application  of  gyp- 
sum has  introduced  into  the  upper  soil. 

The  second  soil  was  taken  from  a  field  in  which  sainfoin  died  regu- 
larly in  the  second  or  third  year  after  it  was  planted.  This  was  naturally 
attributed  to  something  in  the  subsoil.  And  by  the  analyses  above 
given,  it  was  found  to  contain  much  sulphuric  acid  in  combination  with 
oxide  of  iron,  forming  sulphate  of  iron  (green  vitriol).  This  salt  being 
noxious  to  plants,  began  to  act  upon  the  crop  of  sainfmn  as  soon  as  the 
roots  had  gone  so  deep  as  to  draw  sufficient  supplies  from  the  subsoil, 
and  it  thus  gradually  poisoned  them,  so  that  they  died  out  in  two  or  threa 
years. 
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II. — BARBER  OB  tJlCFBUITFDXi  SOILS. 

Soils  are  unfruitful  or  altogether  barren,  either  when  they  ecmtain  too 
little  of  one  or  more  of  the  inorganic  constituents  of  plants,  or  when  soma 
subetance  is  present  in  them  in  such  quantity  as  to  become  hurtful  or 
potsoDous  to  vegetation.  The  presence  of  sulphate  of  iron  in  the  subsoil 
just  described  is  an  illustration  of  the  latter  fact.  In  what  way  the  defL- 
dency  of  certain  substances  really  does  affect  the  agricultural  capabilities 
of  the  soil  will  appear  from  the  following  analyses :-« 

1.  2.  3.  4. 

Moor  luid  •oil.       Another         Brady     8oiloDth« 
near  Auricb,         aoO  fronl     eoU  from    Muechel* 

East  FrieeUncl.       the  same  WetOngeo       kalk, 

naighboar*  ioLiioe*  searMithl* 
BoU.       BubeolL         bood.  borg*        hauaen. 

SiUca and  GUiartE Sand  .    .  70'&76-95190  61576  '    96000  77*780 

Alumina 1050—2600  0450  0*500  9490 

Oxides  of  Iron 0*25^—1-460  0*524  2<X)0  5800 

Oxide  of  Manganese  .    .    .  trace —  0048  trace  trace  0 105 

Lime do.—  0  336  03*20  0*001  0-86<> 

Magnesia 001-2—  0*125  0*130  trace  0728 

Potash trace —  0*072  trace  do.  trace 

Soda do.  —  0*180  do.  do.  do. 

Phoaphorie  Acid   ....  do.       0*084  do.  do.  0*008 

Sulphuric  Acid do.       O^lQO  do.  do.  trace 

Carooaic  Acid —          —  —  —  0*200 

Chlorine  . trace —  0015  trace  trace  trace 

HnmicAcid 11*910-    —  11-470  0*200  0*732 

Insoluble  Hamns  ....  16^00—    —  26  530  1*299  0-200 

Water —         —  —  —  4096 

100        100  100  100  100 

Each  of  thfse  analyses  is  deserving  of  attention. 

1^,  Thatthebarrennessof  the  moor-land  soils  (1  and  2)  is  to  be  at- 
tributed to  their  deficiency  in  the  numerous  substances  of  which  they 
contain  onl;^  traces,  may  almost  be  said  to  be  proved  by  the  fact— one 
long  recognised  and  acknowledged  on  many  of  our  own  moor-lands  and 
peaty  soils— 4hat  when  dressed  with  a  covering  of  the  subsoil  they  be- 
come capable  of  successful  cultivation.  The  analysis  of  the  subsoil  in 
the  second  column  shows  that  it  contains  all  those  mineral  constituents  in 
fchich  the  soil  itself  is  deficient — and  to  the  effect  of  these,  therefore,  the 
improvement  produced  upon  the  soil  by  bringing  it  to  the  surface  is  alto- 
gether to  be  attributed. 

2°.  The  sandv  soil,  No.  3,  is  evidently  barren  for  the  same  reason  as 
the  moorland  soils,  1  and  2.  The  soil  No.  4  rests  on  lime-stone,  and 
was  mixed  with  7  per  cent,  of  lime-stone  gravel,  and  contains  a  great 
number  of  the  substances  which  plants  require — ^but  its  unfruitfulness  is 
to  be  ascribed  lo  the  want  of  potash  and  soda,  of  sulphuric  acid  and  of 
chlorine.  Wood  ashes  and  a  mixture  of  common  salt  with  gypsum  or 
aalphate  of  soda,  would  probably  have  remedied  these  defects. 

3**.  Among  the  fertile  soils  to  which  I  recently  directed  your  attention 
(p.  284)  was  one  from  Belgium,  in  which  the  pronortion  of  organic 
matter -was  less  than  half  a  per  cent,  of  its  whole  weight.  In  the  above 
table,  on  the  other  hand,  we  have  two  nearly  barren  soils,  containing 
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each  11  per  cent,  ofhuraic  acid,  besides  a  much  larger  proportion  of  in- 
aolable  organic  matter.  It  is  obvious,  therefore,  that  the  fertility  of  a 
soil  is  not  dependent  upon  its  containing  this  or  that  proportion  of  vege- 
table matter,  either  in  a  soluble  or  an  insoluble  form.  It  is  certainly 
true  that  many  very  fertile  soils  do  contain  a  considerable  quantity  of 
organic  matter,  in  a  form  in  which  it  may  readily  3*ield  nourishment  to 
the  roots  of  plants.  Yet  such  soils  are  not  fertile  merely  in  consequence 
of  the  presence  of  this  organic  matter,  as  a  source  of  organic  food  to  the 
plant.  It  may  be  present,  and  yet  the  scnls,  like  those  above-mentioned, 
may  remain  barren.  Where  soils  become  fenile  apparently  by  the 
long  accumulation  of  such  vegetable  matter  in  the  soil,  it  is  not  merely 
because  of  the  increase  of  purely  organic  substances,  such  as  the  humic 
and  ulmic  acids,  but,  because,  as  I  have  already  had  occasion  to  mention 
to  you,  the  decaying  vegetable  matter  which  produces  them  contains 
alio^  and  yields  to  the  soil,  a  considerable  abundance  of  some  of  those 
inorganic  substances  which  plants  necessarily  reqnire.  The  organic 
matter  is  an  indication  of  their  presence  in  such  soils.  But  they  may 
be  present  without  the  organic  matter.  They  may  either  be  duly  pro- 
portioned in  the  soil  by  nature— or  they  may  be  artificially  mixed  with 
It,  and  then  this  use  of  the  organic  matter  may  be  dispensed  with.  It  is 
of  more  importance  to  bear  this  in  mind,  because  not  only  vegetable 
physiologists,  but  some  sealous  chemlats  also,  have  laid  great  stress  upon 
the  quantity  of  soluble  and  insoluble  organic  matter  contained  in  a  soil, 
and  have  been  led  to  consider  it  as  a  safe  index  of  the  relative  fertility 
of  different  soils. 

The  history  of  science  shows,  by  many  examples,  that  those  men 
who  adopt  extreme  views,— who  attempt  to  explain  all  phenomena  of  a 
given  kind,  by  reference  to  a  single  specific  cause— have  ever  been  of 
very  great  use  in  the  advancement  of  certain  knowledge.  Their  ar^- 
ments,  whether  well  or  ill  founded,  lead  to  discussion,  to  further  investi- 
gation, to  the  discovery  of  exceptional  cases,  and,  finally,  to  the  general 
adoption  of  modified  views  which  recognise  the  action  of  each  special 
cause  in  certain  special  cases,  but  all  in  subordination  to  some  more  ge- 
neral principle. 

Thus,  if  some  ascribe  the  fertility  of  the  soil  to  the  presence  of  the 
alkalies  in  great  abundance,  others  to  that  of  the  phosphates,  others  to 
that  of  lime,  others  to  that  of  alumina,  and  others,  finally,  to  that  of  ve- 
getable matter  in  a  soluble  state — all  these  extreme  opinions  are  recon- 
ciled, and  their  partial  truths  recognised,  in  one  general  principle,  that 
a  soil  to  be  fertile  must  contain  all  the  substances  which  the  plant  toe  de- 
sire to  grow  can  only  obtain  from  the  soil,  and  in  such  abundance  as  . 
readily  to  supply  all  its  wants ;  while  at  the  sa:mt  time  it  must  contain 
nothing  hurtful  to  vegetable  life. 

III.— SOILS  CAPABLE  OF  IMPROYEMKIf  T  BT  THE  ADDITION  OF 
MINERAL  MATTER. 

On  the  principle  above  stated  depends  in  very  many  cases  the  mode 
of  improving  soils  by  the  addition  of  mineral  substances,  as  well  as  the 
method  of  explaining  the  remarkable  eflfects  .occasionally  pcoduced  bv 
their  mixture  with  the  land.  The  following  analyses  will  place  this 
matter  in  a  clearer  light :-« 
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1. 

2. 

3. 

4. 

Soil  near  Pa- 

Near  Drakeo- 

Near  Oaiiders* 

Near 

dingbiittel,  on 

'"^ir^^ 

helm,  fa 

Bninc< 

UieWeaer. 

BruDswick. 

%vlck. 

Silica  and  Quartz  Sand 

.  93-720 

92014 

90-221 

96-698 

Alamioa    . 

.     1-740 

2-652 

2-106 

0-604 

Oxide  of  Iron     . 

.     2-060 

3-192 

3-951 

2-496 

Oxide  of  Manganese . 

.     0-320 

0-480 

0-960 

trace 

Lime 

.     0-121 

0-243 

0-639 

0-038 

Magnesia  . 

.     0-700 

0-700 

0-730 

0-147 

Potash  (chiefly  in  combina- 

tion with  Sdica)      . 

.     0-062 

0-125 

0-066  } 
0-010  s 

0090 

Soda    (do.) 

.     0-109 

0-026 

Phosphoric  Acid 

.     0-103 

0  078 

0-367 

0164 

Sulphuric  Acid 

.     0-006 

trace 

trace 

0007 

Chlorine  in  common  Salt 

.     0050 

trace 

0010 

0010 

Uumic  Acid 

.     0-890 

0-340 

0-900 

0-626 

Other  Organic  matter 

.     0-120 

0-160 

0-140 

0-220 

100 


100 


100 


100 


The  first  of  these  soils  produces  naturally  beautiful  red  clover— the 
second  produces  very  bad  red  clover.  On  comparing  the  constitution  of 
the  two  soils,  we  see  the  second  to  be  deficient  in  sulphuric  acid  and 
chlorine.  A  dressing  of  gypsum  and  common  salt  would  supply  these 
deficiencies,  and  render  it  capable  of  producing  this  kind  of  clover.  Tlie 
third  soil  is  remarkable  for  growing  luxuriant  crops  of  pulse,  when  ma- 
nured with  gypsum.  The  almost  total  absence  of  sulphuric  acid  ex- 
plains this  e^cC.  The  fourth  soil  was  greatly  improved  by  soap-boiler*s 
ash,  which  supplied  it  with  lime,  magnesia,  manganese,  and  other  sub- 
stances. 


I  need  not  further  multiply  examples  to  show  you  how  much  real 
knowledge  is  to  be  derived  from  a  rigidly  accurate  analysis,  not  only  in 
regard  to  the  agricultural  capabilities  of  a  soil,  but  also  in  regard  to  the 
natural  and  necessary  food  of  plants,  and  to  the  manner  in  which 
mineral  manures  act  in  promoting  and  increasing  their  growth.  The 
illustrations  I  have  already  presented  will  satisfy  you— 

1°.  That  a  fertile  soil  must  contain  all  the  inorganic  constituents  which 
the  plant  requires,  and  none  that  are  likely  to  do  it  an  injury. 

2^.  That  if  the  addition  of  a  given  manure  to  the  soil  render  it  more 
fertile— it  is  because  the  soil  was  defective  in  one  or  more  of  those  sub- 
stances which  the  manure  contained. 

3°.  That  if  a  given  application  to  the  land  fail  to  improve  it — of  gyp- 
sum, of  bone-dust,  of  common  salt,  forexample— it  is  because  enough  of 
the  substance  applied  is  already  present,  or  because  something  else  is 
still  wanting  to  render  the  previous  additions  available. 

4°.  That  the  result  of  extended  experience  in  our  country,  that  the 
clay  soils  are  best  for  wheat,  and  sandy  soils,  such  as  that  of  Nor- 
folk, for  barley,  is  not  to  be  considered  as  anything  like  a  law  of  nature, 
setting  aside  the  clay  land  for  the  special  growth  of  wheat,  and  denying 
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to  the  sandy  soils  the  power  of  yielding  abundant  crops  of  this  kind  of 
grain*  Almost  every  district  can  present  examples  of  well  cnltivated 
fields,  where  the  contrary  is  proved— and  the  wheat  crops  which  are 
yearly  reaped  from  the  sandy  plains  of  Belgium,  demonstrate  it  on  a 
more  extended  scale. 

Chemically  speaking,  a  soil  will  produce  any  crop  abundantly,  pro- 
vided it  contain  an  ample  supply  of  all  that  the  crop  we  wish  to  raise 
may  happen  to  require.  But,  in  practice,  soils  which  do  not  contain  all 
these  substances  plentifully,  are  yet  found  to  differ  in  their  power  of 
yielding  plentiful  returns  to  the  husbandman.  Such  differences  arise 
from  the  climate,  the  exposure,  the  colour,  the  fineness  of  the  particles, 
the  lightness  or  porosity  of  the  soil— from  the  quantity  of  moisture  it  is 
capable  of  retaining,  or  from  some  other  of  its  numerous  physical  pro- 
perties. These  physical  properties,  therefore,  it  is  necessary  shortly  to 
consider. 

§  4.   OftJie  physical  properties  of  soils. 

To  the  physical  properties  of  soils  was  formerly  ascribed  a  much 
more  fundamental  importance  than  we  can  now  attach  to  thent.  Crome 
and  Schiibler  regarded  the  fertility  of  a  soil  as  entirely  dependent  upon 
its  physical  properties.  Influenced  by  this  opinion,  the  former  published 
the  results  of  an  examination  of  numerous  soils  in  the  Prussian  provin- 
ces, which  are  now  possessed  of  no  scientific  interest;  because  they 
merely  indicate  the  amount  of  clay,  sand,  and  vegetable  matter  which 
these  soils  severally  contained.*  The  latter  completed  a  very  elaborate 
examination  of  the  physical  properties  of  soils,  which  is  very  useful  and 
instructive;!  but  the  defective  nature  of  which,  in  accounting  for  their 
agricultural  capabilities,  became  evident  to  the  author  himself,  when  the 
more  correct  and  scientific  views  of  Sprengel,  illustrated  in  the  preced- 
ing section,  afterwards  became  known  to  him.  In  giving,  therefore, 
their  due  weight  to  the  physical  properties,  we  must  not  forget  that  in 
nature  they  are  subordinate  to  the  chemical  constitution  of  soils.  Plants 
may  grow  upon  a  soil,  whatever  its  physical  condition^f  all  the  food 
they  require  be  within  their  reach — while,  however  favourable  the  phy- 
sical conditioQ  may  be,  nothing  can  vegetate  in  a  healthy  manner,  if  the 
soil  be  deficient  in  some  necessary  kind  of  food,  or  contain  what  is  de- 
structive to  vegetable  life. 

Of  the  physical  properties  of  soils  the  most  important  are  their  den- 
sity, their  power  of  absorbing  and  retaining  water  and  air,  their  capillary 
action,  their  colour,  and  their  consistence  or  adhesive  power.  There 
are  one  or  two  others,  however,  to  which  it  will  be  necessary  shprtly  to 
advert. 

I.— -MECHANICAL  RELATIONS  OP  SOILS. 

1°.  The  density  and  absolute  weight  of  a  soil.^Some  soils  are  much 
heavier  than  others,  not  merely  in  the  ordinary  sense  of  heavy  and  light, 
as  denoting  clayey  and  sandy  soils,  but  in  reference  to  the  absolute  weight 
of  equal  bulks. 

*  Recordodin  bit  OrundaatMe  der  Agrieultur  Chemia. 
t  Der  Boden  ttnd  sein  vtrhmtnita  tu  din  QewdcKsen. 
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Thu8  a  cubic  foot  of  dry 

Siliceoos  or  Calcareoas  Sand— weighs  about   .    1 10  lbs. 

Half  Sand  and  half  Clav 95 

Of  common  arable  Laud,  from  •  .  .  .  80  to  90 
Of  pure  agricultural  Clay  (page  231)  ...  75 
Of  garden  Mould,  richer  in  vegetable  matter    .      70 

Of  a  peaty  Soil,  from 30  to  50 

Sandy  eoils,  therefore,  are  the  heaviest.  The  weight  diminishes  with 
the  increase  of  clay,  and  lessens  still  further  as  the  quantity  of  vegetable 
matter  augments. 

In  practice,  the  denser  a  soil  is,  the  less  injury  will  be  done  to  the 
land  by  the  passage  of  carts  and  the  treadin]^  of  cattle  in  the  ordinary 
operations  of  husbandry.  In  a  theoretical  point  of  view  it  is  of  conse- 
quence to  vegetation,  chiefly  in  so  far  as,  according  to  the  experimenta 
of  Schiibier,  the  denser  soils  retain  their  warmth  for  a  longer  period  when 
the  sun  goes  down,  or  a  cold  wind  comes  on.  Thus  a  peaty  soil  will 
cool  as  much  in  an  hour  and  a  half  as  a  pure  clay  in  two,  or  a  sand  in 
three  hours. 

2°.  Of  the  state  of  division  of  the  constituent  parts  of  Oie  soil.-^ 
With  the  relative  weight  of  different  soils,  their  stnte  of  division  is  in 
some  degree  connected.  Some  soils  consist  of  an  admixture  of  exceed- 
ingly fine  particles  both  of  sand  and  clay — while  in  others,  coarse  sand, 
atones  and  gravels,  largely  predominate.  There  can  be  no  doubt  that  the 
state  of  the  soil  in  this  respect  has  a  material  influence  upon  its  produc- 
tive character,  and  consequently  upon  its  money  value,  since  the  labours 
of  the  husbandman  in  lands  of  a  stififer  and  mora  coherent  nature  are 
chiefly  expended  in  bringing  them  into  this  more  favourable  powdery  con- 
dition. In  the  description  and  examinafion  of  a  soil,  therefore,  this  pro- 
perty ought  by  no  means  to  be  passed  lightly  over — since  it  is  one  in 
regard  to  which  a  mere  chemical  analysis  gives  us  Utile  or  no  informa- 
tion. 

In  some  parts  of  the  country,  the  farmer  diligently  gathers  the 
stones  ofi*  his  land,  while  in  others  the  practice  is  condemned  as  hurtful 
to  the  arable  crops.  The  latter  fact  is  explained  by  supposing  that 
these  stones  in  winter  aflbrd  shelter  to  the  winter-corn,  and  in  warmer 
seasons  protect  the  ground  in  some  degree  from  the  drying  winds,  and 
retain  beneath  them  a  supply  of  moisture  of  which  the  neighbouring 
roots  can  readily  avail  themselves. 

3^.  Firmness  and  adhesive  power  of  soils, — When  soils  dry  in  the 
air  they  cohere  and  become  hard  and  stiff  in  a  greater  or  less  degree. 
Puf«  siliceous  sands,  alone,  do  not  at  all  cohere  when  dry— while  pure 
clays  become  hard  and  very  difficult  to  pulverize.  In  proportion  to  the 
quantity  of  sand  with  which  the  latter  are  mixed,  do  their  tenacity  and 
hardness  diminish.  The  difficulty  of  reducing  clays  to  a  fine  powder  in 
the  open  field,  or  of  bringing  them  into  a  good  tilth,  may  be  overcome, 
therefore,  by  an  admixture  of  sand  or  gravel,  but  there  are  few  localities 
where  the  expense  of  such  an  operation  does  not  present  an  insur- 
noaDtable  obstacle.  Thorough  draining,  however,  subsoil  ploughing, 
and  careful  tillage,  will  gradually  bring  the  most  refractory  soils  of  this 
character  into  a  condition  in  wbicD  they  can  be  more  perfectly  and  more 
economically  worked.  '^ «'  '^^"  "y  ^^^^^ ^^ 
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Soiis  also  adhere  to  the  plough  in  diSerent  degrees,  aod,  therefore,  pre* 
sent  a  more  or  leas  powerful  obstruction  to  its  passage.  AU  soils  present 
a  greater  resistance  when  wet  than  when  dry^  and  all  considerably  more 
to  a  wooden  than  to  an  iron  plough.  A  sandy  soil  when  wet  offers  a  re- 
sistance to  the  passage  of  agricultural  implements,  equal  to  about  4  lbs. 
to  the  square  foot  of  the  surface  which  passes  throueh  it— a  fertile  vege- 
table soil  or  rich  garden  mould  about  6  lbs.,  and  a  day  from  8  to  25  lbs. 
to  the  square  foot.  These  differences  will  naturally  form  no  inconsider- 
able items  in  the  calculations  of  the  intelligent  farmer  when  he  estimates 
the  cost  of  working,  and  the  consequent  rent  he  can  afibrd  to  pay  for  this 
or  that  soil,  oilierwise  equal  in  value. 

lI.«-*RELATXOirS   OF  SOILS  TO  WATER. 

1^.  Power  of  imbibing  moisture  from  the  atV.— When  a  portion  of  soil 
is  dried  carefully  over  boiling  water,  or  in  an  oven,  and  is  then  spread 
out  upon  a  sheet  of  paper  in  the  open  air,  it  will  gradually  drink  in  watery 
vapour  from  the  atmosphere,  and  will  thus  increase  in  weight.  In  hot 
climates  and  in  dry  seasons  this  property  is  of  great  importance,  restoring 
as  it  does,  to  the  thirsty  soil,  and  bringing  within  tlie  reach  of  plants,  a 
portion  of  the  moisture  which  during  the  day  they  had  so  copiously  ex- 
haled. 

Different  soils  possess  this  property  in  unequal  degrees.  Dunng  a 
night  of  12  hours,  and  when  the  air  is  moist,  according  to  Schubler,  1000 
lbs.  of  a  perfectly  dry 


Clay  Loam     ...     25  lbs. 
Pure  Agricultural  Clay  27 


Quartz  Sand  will  gain     0  lbs. 
Calcareous  Sand.     .       2 
Loamy  Soil        .    .    21 
and  peaty  soils,  or  such  as  are  rich  in  vegetable  matter,  a  still  larger 
quantity. 

Sir  Humphry  Davy  found  this  property  to  be  possessed  in  the  highest 
degree  by  the  most  fertile  soils.  Thus,  when  made  perfectly  dry,  1000 
lbs.  of  a 

Very  fertile  Soil  from  East  Lothian  gained  in  an  hour  18  lbs. 

Very  fertile  Soil  from  Somersetshire 16 

Soil  worth  45s.  per  acre  from  Mersea,  in  Essex  .     .       13 

Sandy  Soil  worth  283.,  from  Essex 11 

Coarse  Sand  worth  only  15s 8     ... 

Soil  of  Bagshot  Heaih 3*     * 

Fertile  soils,  therefore,  possess  this  property  in  a  very  considerable  de- 
gree, and,  though  wo  cannot,  by  determining  this  property  alone,  infer 
with  safety  what  the  fertility  of  a  soil  is  likely  to  prov^-niince  peaty 
soils  and  very  strong  clays  are  still  more  absorbent  of  moisture,  and 
since  this  property  is  only  remotely  connected  with  the  special  chemical 
constitution  of  a  soil— yet  among  arable,  sandy,  and  loamy  lands,  it  cer- 
tainly does,  as  Sir  Humphry  Davy  states,  ai!brd  one  means  of  judging 
of  their  relative  agricultural  capabilities. 

2°.  Power  of  containing  or  holding  water.^^IC  water  be  poured  drop 
by  drop  upon  a  piece  of  chalk  or  of  pipe-clay,  it  will  sink  in  and  disap- 
pear, but  if  the  dropping  be  coounued,  the  pores  of  the  eartli  will  by  de- 


•  Sir  H.  Davy'i  Works,  vol.  vll.,  p.  326. 
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eues  become  filled  with  water,  and  it  will  at  length  begin  Id  drop  out 
from  the  under  part  as  it  is  added  above.  This  property  is  exhibited  in 
a  certain  degree  b^  all  soils.  The  rain  falls  and  is  drunk  in,  the  dew 
also  descends,  and  is  thus  taken  possession  of  by  the  soil.  But  after  much 
rain  has  fallen,  the  earth  becomes  saturated,  and  the  rest  either  runs  oflT 
from  the  surface  or  sinks  through  to  the  drains.  This  happens  more 
qMedily  in  some  soils  than  in  othen.  Thus  from  106  lbs.  of  dry  soH, 
water  will  begin  to  drop---if  it  be  a 

Quarts  Sand,  when  it  has  absorbed 26  lbs. 

Calcareous  Sand 29 

Loamy  Soil 40 

English  Chalk 46— J. 

Clay  Loam 60 

Pure  Clay       70 

but  a  dry  peaty  soil  will  absorb  a  veiy  much  larger  proportion  (Schii-* 
bier),  before  it  sufiers  any  to  escape.  Useful  arable  soils  are  found  to  be 
capable  of  thus  containing  from  40  to  70  percent,  of  their  weight  of  water. 
If  the  quantity  be  less  than  this,  the  soils  are  said  to  be  best  adapted  for 
pine  pfantations,— if  greater,  for  laying  down  to  grass. 

In  dry  climates  this  power  of  holding  water  must  render  a  soil  more 
valuable,  whereas  in  climates  such  as  ours,  where  rains  rather  over- 
abound,  a  simple  determination  of  this  property  will  serve  to  indicate 
to  the  practical  farmer  on  which  of  hts  fields  it  is  most  important  to  him, 
in  reference  to  surface  water,  that  the  operation  of  draining  should  be 
first  and  most  effectually  performed.  The  more  water  the  soil  contains 
within  its  pores,  the  more  it  has  to  part  with  by  subseqnentevaporation ; 
aiKi,  therefore,  the  colder  it  is  likely  to  be.  The  presence  of  this  water  also 
excludes  the  air  in  a  great  degree,  so  that  for  these,  as  well  as  for  other 
reasons,  it  is  desirable  to  afford  every  facility  for  the  speedy  removal  of 
the  excess  of  water  from  such  soiU  as  absorb  it,  and  are  capable  of  con- 
taining it,  in  a  very  large  proportion. 

3^.  Potoer  of  retaining  wetter  rohen  exposed  to  the  otr.— >Unless  when 
rain  or  dew  are  falling,  or  when  the  air  is  perfectly  saturated  with  mois- 
ture, watery  vapour  is  constantly  rising  from  the  surface  of  the  earth. 
The  fields,  after  the  heaviest  rains  and  floods,  gradually  become  dr^, 
though  this,  as  every  farmer  has  observed,  takes  place  in  some  of  his 
fields  with  much  greater  rapidity  than  in  others.  Generally  speaking, 
those  soils  which  are  capable  uf  arresting  and  containing  the  largest  por- 
tion of  the  rain  that  falls,  retain  it  also  with  the  greatest  obstinacy,  and  take 
the  longest  time  to  dry.  Thus  a  sand  will  become  as  dry  in  one  hour  as  a 
pure  clay  in  three,  or  a  piece  of  peat  in  four  hours,  lliis,  therefore,  not 
only  explains,  and  shows  the  correctness  of,  the  well-known  distinctions 
of  v?arm  and  cold  soils,  but  exhibits  another  strong  argument  in  favour 
of  a  perfect  drainage  of  stiff*  soils  and  of  such  as  contain  a  large  proportion 
of  decaying  vegetable  matter. 

4®.  Capillary  power  of  the  soH. — When  water  is  poured  into  the  sole 
of  a  flower-pot,  the  soil  gradually  sucks  it  in  and  becomes  moist  even  to 
the  surface.  The  same  takes  place  in  the  soil  of  the  open  fields.  The 
water  from  beneath — that  contained  in  the  subsoil— is  gradually  sucked 
up  to  the  surface.  Where  water  is  present  in  excess,  thb  capillary  actios, 
as  it  is  eillod,  keeps  the  soil  always  v^Ui  udcp^l^y  ^v.^.^lv^ 
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The  tendency  of  the  water  to  aficend,  however,  is  not  the  same  in  all 
amis.  In  those  which,  like  sandy  soils  and  such  as  contain  much  vege- 
table matter,  are  open  and  porous,  it  probably  ascends  most  freely,  while 
stiff  clays  will  transmit  it  with  less  rapidity.  No  precise  experiments, 
however,  have  yet  been  made  upon  this  subject,. chiefly,  I  believe,  be* 
cause  this  property  of  the  soil  has  not  hitherto  been  considered  of  such 
importance  as  it  really  is,  to  the  general  vegetation  of  the  globe.  Let  us 
attend  a  little  to  this  point. 

I  have  already  drawn  your  attention  to  the  [acu  that  the  specimens  of 
soil  which  are  submiuedf  to  analysis  generally  contain  very  little  saline 
matter,  and  yet  that  in  a  crop  reaped  from  the  same  soil  a  very  consider- 
able proportion  exists.  This  I  have  attributed  to  the  action  of  the 
rains  which  dissolve  out  the  soluble  saline  matter  from  the  surface 
soil,  and  as  they  sink,  carry  it  with  them  into. the  subsoil;  or  from 
sloping  grounds,  and  during  very  heavy  rains,  partly  wash  it  into  tJie 
brooks.  Hence  from  the  proportion  of  soluble  matter  present  at  any  one 
time  in  the  surface  soil,  we  cannot  safely  pronounce  as  to  the  quantity 
which  the  whole  soil  is  capable  of  yielding  to  the  crop  that  may  bo  grown 
upon  it.  For  when  warm  weather  comes  and  the  surface  soil  dries 
rapidly,  then  by  capillary  action  the  water  rises  from  beneath,  bringing; 
with  it  the  soluole  substances  that  exist  in  the  subsoil  through  which  it 
ascends.  Successive  portions  of  this  water  evaporate  from  the  surface, 
leaving  their  saline  matter  behind  them.  And  as  this  ascent  and  eva- 
poration go  on  as  long  as  the  dry  weather  continues,  the  saline  matter 
accumulates  about  the  roots  of  tlie  plants  so  as  to  put  within  their  reach 
an  amplesupply  of  every  soluble  substance  which  is  not  really  defective 
in  the  soil.  I  believe  that  in  sandy  soils,  and  generally  in  all  light  soils, 
of  which  the  particles  are  very  fine,  this  capillary  action  is  of  great  im- 
portance, and  is  intimately  connected  with  their  power  of  producing 
remunerating  crops.  They  absorb  the  falling  rains  witli  great  rapidity, 
and  these  carry  down  the  soluble  matters  as  they  descend— so  that  when 
the  soil  becomes  soaked,  and  the  water  begins  to  flow  over  its  surface, 
the  saline  matter  being  already  buried  deep,  is  in  little  danger  of  being 
washed  away.  On  the  return  of  dry  weather,  the  water  re-ascends  from 
beneath  and  again  diffuses  the  soluble  ingredients  through  the  upper  soil. 

In  climates  such  as  ours,  where  rains  and  heavy  dews  frequently  fall, 
and  where  the  soil  is  seldom  exposed  for  any  long  period  to  hot  summer 
weather  unaccompanied  by  rain,  we  rarely  see  the  full  effect  of  this  ca- 
pillary action  of  the  soil.  But  in  warm  climates,  where  rain  seldom  or 
never  falls,  the  ascent  of  water  from  beneath,  where  springs  happen  to 
exist  in  the  subsoil,  goes  on  without  intermission.  And  as  each  new 
particle  of  water  that  ascends  brings  with  it 'a  particle,  however  small, 
of  saline  matter  (for  such  waters  are  never  pure),  which  it  leaves  behind 
when  it  rises  into  the  air  in  the  form  of  vapour,  a  crust,  at  first  thin,  but 
thickening  as  time  goes  on,  is  gradually  formed  on  the  surface  of  tbe  soil. 
Such  crusts  are  seen  in  the  dry  season — in  India,  in  Egypt,  and  in  many 
parts  of  Africa  and  America.  In  hot,  protracted  summers  they  may  be 
seen  on  the  surface  of  our  own  fields,  but  they  disappear  again  with  the 
first  rains  that  fall.  Not  so  where  rains  are  unknown.  And  thus  on  the 
arid  plains  of  Peru,  and  on  extensive  tracts  in  Africa,  a  deposit  of  saline 
matter,  sometimes  many  feel  in  thickness,  is  met  with  on  iK»«»  o^rro/***  -i* 
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wide  plains,  in  the  hollows  of  deep  valleys,  and  on  the  bottoms  of  ancient 
lakes.  Such  an  incrustation,  probably  so  formed,  is  the  bed  of  nitrate  of 
soda  in  Peruf  from  which  all  our  supplies  of  that  salt  are  drawn—such 
are  the  deposits  of  carbonate  of  soda  (urao)  extracted  from  the  soil  in  the 
South  American  State  of  Colombia. 

6°.  CorUreLcHon  of  the  soil  on  drying, — Some  soils  in  dry  weather  di- 
minish very  much  in  bulk,  shrink  in,  and  crack.  Thus,  after  being 
soaked  by  rain,  pure  clay  and  peaty  soils  diminish  in  bulk  about  one- 
fifth  when  they  are  again  made  perfectly  dry-^whiie  sand  has  the  same 
bulk  in  either  state.  The  more  clay  or  vegetable  matter,  therefore,  a 
soil  contains,  the  more  it  swells  and  contracts  in  alternate  wet  and  dry 
weather*  This  contraction  in  stiff  clays  can  scarcely  fail  to  be  occa- 
sionally injurious  to  young  roots  from  the  pressure  upon  the  tender  fibres 
to  which  it  must  give  rise,  while  in  light  and  sandy  soils  the  compres- 
sion of  the  roots  is  nearly  uniform  in  all  weathers,  and  they  are  undis- 
turbed in  their  natural  tendency  to  throw  out  oflT-shoots  in  every  direction. 
Hence  another  good  quality  of  light  soils,  and  a  less  obvious  bene6t 
which  must  necessarily  result  from  rendering  soils  less  tenacious  by  ad- 
mixture or  otherwise. 

m.^RELATIONS    OF   THE   SOIL  TO   THE   ATMOSPHERE. 

Power  of  absorbing  oxygen  and  other  gaseous  substances  from  the 
air,— 1°.  The  importance  of  the  oxygen  of  ilie  atmosphere,  first  to  the 
germination  of  the  seed,  and  afterwards  to  the  growth  of  the  plant,  I  have 
already  sufficiently  insisted  upon.  It  is  of  consequence,  therefore,  that 
this  oxygen  shoulu  gain  access  to  every  part  of  the  soil,  and  thus  to  all 
the  roots  of  the  plant.  This  access  can  be  facilitated  by  artificially 
working  the  land,  and  thus  rendering  it  more  porous.  But  some  soils, 
in  whatever  state  they  may  be  in  this  respect,  have  been  found  to  absorb 
oxygen  with  more  rapidity,  and  in  larger  quantity,  than  others.  Thus 
clays  absorb  more  oxygen  than  sandy  soils,  and  vegetable  moulds  or 
peats  more  than  clays.  This  difierence  depends  in  part  upon  the  natural 
porosity  of  these  different  soils,  and  in  part  also  upon  the  chemical  con- 
stitution of  each,  if  the  clay  contain  iron  or  manganese  in  the  state  of 
first  or  prot-oxides,  t^ese  will  naturally  absorb  oxygen  for  the  purpose  of 
combinine  with  it,— while  the  decaying  vegetable  matter  will  in  like 
manner,  in  such  as  contain  it  largely,  drink  in  much  oxygen  to  aid  their 
natural  decomposition. 

2°.  Besides  the  gases,  oxygen  and  nitrogen,  of  which  the  air  princi- 
pally consists,  the  soil  absorbs  also  carbonic  acid  from  the  atmosphere, 
and  portions  of  those  various  vapours,— wliether  of  ammonia  and  other 
effluvia  which  rise  from  the  earth,  or  of  nitric  acid  formed  in  the  air,— 
and  these,  in  the  opinion  of  some  chemists,  contribute  very  materially  to 
its  natural  fertility.  This,  however,  is  very  much  a  matter  of  cotyec- 
ture,  and  no  experiments  have  been  made  as  to  the  relative  capabilities 
of  different  soils  thus  to  extract  vegetable  food  from  the  surrounding  air. 
One  fact,  however,  seems  to  be  clearly  ascertained,  that  all  soils,  namely, 
absorb  gaseous  substances  of  every  kind  most  easily  and  in  the  greatest 
abundance  when  they  are  in  a  moist  state.  The  fall  of  rains,  or  the  de- 
scent of  dew,  therefore,  will  favour  this  absorption  in  dry  seasons,  and  it 
Mill  also  be  greatest  in  those  soils  which  have  the  power  of  most  readily 

^  uigmzeu  Dy  >^j  vyv^'-x  i\^ 
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extracting  watery  vapour  from  the  air  during  the  absence  of  the  sua. 
Hence  the  influence  of  the  dews  and  of  gentle  showers  on  the  progress 
of  vegetation,  is  not  limited  to  the  mere  supply  of  water  to  the  thirsty 
ground,  and  of  those  vapours  which  they  bring  with  them  as  they  descend 
to  the  earth,  but  is  partly  due  also  to  the  power  which  they  impart  to  the 
moistened  soil,  of  extracting  for  itself  new  supplies  of  gaseous  matter 
from  the  surrounding  atmosphere. 

IV.— RE&ATIOIf  S  OF  THE  SOIL  TO  BEAT. 

There  are  some  of  the  relations  of  soils  to  heat,  which  have  considera- 
ble influence  upon  thetr  power  of  promoting  vegetation.  These  are  the 
rapidity  wiili  which  they  absorb  heat  from  the  air,  the  temperature  they 
are  capable  of  attaining  under  the  direct  action  of  the  sun's  rays,  and  the 
length  of  time  during  which  they  are  able  to  retain  this  heat. 

1°.  Power  of  absorbing  heaL^^lt  is  an  important  fact,  in  reference  to 
thegrowthof  plants,  that  during  sunshine,  when  the  sun^s  rays  beat  upon 
it,  the  earth  acquires  a  much  higher  temperature  than  the  surrounding 
air.  This  temperature  very  often  amounts  to  110^,  and  sometimes  to 
nearly  150°,  while- the  air  in  the  shade  is  between  70°  and  80°  only. 
Thus  the  roots  of  plants  are  supplied  with  that  amount  of  warmth  which 
is  most  favourable  to  iheir  rapid  growth. 

Dark-coloured — such  as  black  and  brownish  red^-soils  absorb  the 
heat  of  the  sun  most  rapidly,  and  therefore  become  warm  the  soonest. 
They  also  attain  a  higher  temperature— by  a  few  degrees  only,  how- 
ever (3°  to  8°),^than  soils  of  other  colours,  and  thus,  under  tHe  action 
of  the  same  sun,  will  more  rapidly  promote  vegetation.  In  climates, 
such  as  ours,  where  the  presence  of  the  sun  is  often  wished  for  in  vain 
in  time  of  harvest,  this  property  of  the  soil  |x)6sesses  a  considerable  eco- 
nomical value.  In  other  parts  of  the  world,  where  sunshine  abounds, 
it  becomes  of  less  im[x>rtance. 

Every  one  will  understand  that  the  above  differences  are  observed 
among  such  soils  only  ba  are  exposed  to  the  same  sun  under  the  same 
circumstances.  Where  the  exposure  or  aspect  of  the  soil  is  such  as  to 
give  it  the  prolonged  benefit  of  the  sun^s  rays,  or  to  shelter  it  from  cold 
winds,  it  will  prove  more  propitious  to  vegetatioo  iliian  many  others  less 
favourably  situated,  though  darker  in  colour  and  more  free  from  super- 
fluous moisture. 

•2°.  Poioer  of  retaining  heat. — But  soils  differ  more  in  their  power  of 
retaining  the  heat  they  have  thus  absorbed.  You  know  that  all  hot  bodies, 
when  exposed  to  the  air,  gradually  become  cool.  So  do  all  soils ;  but  a 
sandy  soil  will  cool  more  slowly  than  a  clay,  and  the  latter  than  a  soil 
which  is  rich  in  vegetable  matter.  The  difference,  according  to  Schiib- 
ler,  is  so  great,  that  a  peaty  soil  cools  as  much  in  one  hour  as  the  same 
bulk  of  ;;lay  in  two,  or  of  sand  in  three  hours.  This  may  no  doubt  have 
considerable  influence  upon  growing  crops,  inasmuch  as,  afler  the  sun 
goes  down,  the  sandy  soil  will  be  three  hours  in  cooling,  while  the  clays 
will  cool  to  the  same  temperaiure  in  two,  and  rich  vegetable  mould  in 
one  hour.  But  on  those  soils  which  cool  the  soonest,  dew  will  flrst  be^iii 
to  be  deposited,  and  it  is  doubtful,  where  the  soils  are  equally  drained, 
wheilier,  in  summer  weather,  the  greater  proportion  of  dew  deposited  on 
the  clays  and  vegetable  moulds  id«v  not  more  than  compensate  to  the 
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parched  soil— ^or  the  less  prolonged  duration  of  the  elevated  tempera- 
tare  derived  from  the  action  of  the  sun*s  rays.  It  is  also  to  be  remem- 
bered, that  vegetable  soils  at  least  absorb  tbe  sun's  heat  more  rapidly 
than  the  lighter  coloured  sandy  soils,  and  thus  the  plants  which  grow  in 
the  former,  which  is  sooner  heated,  may  in '  reality  be  exposed  to  the 
highest  influence  of  the  sun*s  warmth— -for  at  least  as  long  a  period  as 
those  which  are  planted  in  the  latter. 

The  only  power  we  possess  over  these  relations  of  soils  to  heat,  ap- 
pears to  be,  that  by  top-dressing  with  charcoal,  with  soot,  or  with  dark- 
coloured  composts,  we  may  render  it  more  capable  of  rapidly  absorbing 
the  sun's  heat,  and  by  admixture  with  sand,  more  capable  of  retaining 
the  heat  which  it  has  thus  obtained. 


Sucn  are  the  most  important  of  the  physical  properties  of  soils.  Over 
tome  of  them,  the  skilful  farmer  possesses  a  ready  control.  He  can 
drain  his  land,  and  thus  render  it  cheaper  to  work  and  more  easy  to  re- 
duce to  a  fine  powder.  He  can  plough,  subsoil,  and  otherwise  work  it 
well,  and  thus  can  make  it  more  open  aad  porous,  more  accessible  both 
to  air  and  water.  When  it  is  light  and  peaty,  he  can  lay  heavy  matter 
over  it—clay,  and  sand,  and  lime-stone  rubble— and  can  thus  increase 
its  density.  He  can  darken  iu  colour  in  some  localities  with  peat  com- 
posts, and  can  thus  make  it  more  absorbent  of  heat  and  moisture,  as  well 
as  more  retentive  of  the  rain  that  falls.  But  here  his  power  ends,  and 
how  far  any  of  the  changes  within  his  power  can  be  prudently  attempted 
will  depend  upon  the  expense  which,  in  any  given  locality,  the  operation 
would  involve.  And  even  after  he  has  done  all  which  mere  mechanical 
skill  can  suggest,  the  soil  may  still  disappoint  his  hopes,  and  refuse  to 
yield  him  remunerating  crops  of  corn. 

**  A  soil,"  says  Sprengel,  **  is  often  neither  too  heavy  nor  too  light, 
neither  too  wet  nor  too  dry,  neither  too  cold  nor  too  warm,  neither  too 
fine  nor  too  coarse ;— lies  neither  too  high  nor  too  low,  is  situated  in  a 
propitious  climate,  is  found  to  consist  of  a  well-proportioned  mixture  of 
clayey  and  sandy  particles,  contains  an  average  Quantity  of  vegetable 
matter,  and  has  the  benefit  of  a  warm  aspect  ana  favouring  slope." — 
[Bodenkunde,  p.  203.]  It  has  all  the  advantages,  in  short,  which 
physical  condition  and  climate  can  give  it,  and  yet  it  is  unproductive. 
And  why  ?  Because,  answers  chemical  analysis,  it  is  destitute  of  cer- 
tain mineral  constituents  which  plants  require  for  their  daily  food.  The 
physical  properties,  therefore,  are  only  accessory  to  the  chemical  consti- 
tution. They  bring  into  favourable  circumstances,  and  thus  give  free 
scope  to  the  operation,  upon  the  seeds  and  roots  of  plants,  of  those  che- 
mical substances  which  Nature  has  kindly  placed  in  most  of  our  scnls,  or 
by  the  lessons  of  daily  experience  is  teacning  the  skilful  labourer  in  her 
fields  to  supply  by  art* 

And  yet  the  study  of  the  physical  properties  of  soils  is  not  without  its 
use,  even  in  a  dieoretical  point  of  view.  It  shows  both  the  use  of  the 
fundamental  admixture  of  sand,  clay,  and  vegetable  matter,  of  which 
our  soils  consist,  and  for  what  special  end  all  the  mechanical  labours  of 
the  husbandman  are  undertaken,  and  why  they  are  so  necessarj'.     Plants 
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moBt  h^  firmly  fUed,  therelbre  the  soil  mutt  have  a  certain  eonsiitency, 
— 4heir  roots  must  find  a  ready  passage  in  every  direction ;  therefore  the 
•oils  must  be  somewhat  loose  and  open.  Excefh  for  these  purposes,  we 
see  liitle  immediale  use  for  the  sand  and  alumina  which  form  so  much 
of  the  substance  of  soils— till  we  come  to  study  their  physical  properties. 
The  siliceous  sand  is  insoluble,  and  the  alumina  exists  in  plants  in  very 
minute  quantity  only,  while  during  the  progress  of  natural  vegetation, 
the  proportion  of  vegetable  matter  in  the  soil  actually  increases.  The 
immediaU  «geiiey»  tnerefoce,  of  these  substances  is  not  chemical  but 
physical. 

The  alumina  of  the  clays  is  of  immediate  use  in  absorbing  and  retain- 
ing both  water  and  air  for  the  use  of  the  roots^-while  the  vegetable  mat- 
ter is  advantageous  in  reference  to  the  same  ends,  as  well  as  to  the  power 
of  absorbing  (juickly  and  largely  the  warmtli  of  the  sun's  rays.  The 
soil,  in  short,  in  reference  to  vegetation,  performs  ttie  four  following  dis- 
tinct and  separate,  but  each  (M  them  important  and  necessary,  func- 
tions :-— 

l^*.  It  upholds  and  sustains  the  plant,  af&nling  it  a  sure  and  safe  an- 
chorage. 

2^«  It  absorbs  water,  air,  aftd  heat,  to  promote  its  growth 

These  are  its  mechanical  and  physical  functions. 

3".  It  contains  and  supplies  to  the  plant  both  organic  and  inorganic 
food  as  its  wants  require ;  and 

4^.  It  is  a  workshop  in  which,  by  the  aid  of  air  and  moisture,  chemi- 
cal changes  are  continually  going  on ;  by  which  changes  these  several 
kinds  of  food  are  prepared  for  admission  into  tlie  living  roots. 

These  are  its  chemical  functions. 

All  the  operations  of  the  husbandman  are  intended  to  aid  the  soil  in  the 
performance  of  one  or  otiier  of  these  functions.  To  the  most  important 
of  these  operations— the  methods  adopted  by  the  practical  farmer  for 
improving  the  soil — it  is  my  intention,  m  the  following  division  of  these 
Lectures,  briefly  to  direct  your  attention. 
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LECTURE  XIV. 

Tb«  phyaieal  (loalMef  lad  eheiiieal  conflfltaticm  of  a  «>&  Day  tw  cbaafed  hj  ail--*Nalnii0 
of  the  planta  dependent  upon  that  of  the  aoll  on  which  they  grow.— Mechanical  method* 
of  Improvinf  the  aoiL— Eflfecta  prodaced  by  draininf.— Theonr  of  springs.— Effect  of 
ptoughinff,  aobwyillQg,  deep  plooihinf  and  tienchlDg.— Artificial  Improyement  by  mixing 
with  clay,  aaad,  or  marL 

The  facts  detailed  in  the  preceding  lecture  may  be  considered  as  af- 
fording sufficient  proof  that  the  ability  of  the  farmer  to  grow  this  or  (hat 
crop  upon  his  land,  is  very  much  restrained  by  its  natural  character  and 
constitution.  Each  soil  establishes  upon  itself^— so  to  speak— a  yeeeta- 
tion  suited  to  its  own  nature,  one  that  requires  most  abundantly  Uioee 
substances  which  actually  abound  in  the  soil— and  the  art  of  man  can- 
not lonff  change  this  natural  connection  between  the  living  plant  and  the 
kind  of  land  in  which  it  delights  to  grow. 

But  he  can  change  the  character  of  the  land  itself.  He  can  alter 
both  its  physical  quuities  and  its  chemical  constitution,  and  thus  can  fit 
it  for  growing  other  races  of  plants  than  those  it  naturally  bears— or,  if  he 
choose,  the  same  races  in  greater  abundance,  and  with  increased  luxuri- 
ance. It  is,  is  fact,  in  the  production  of  such  changes,  that  nearly  all  the 
labour  and  practical  skill  of  the  husbandman— apart  fh>m  local  peculiari- 
ties of  climate,  &c.— b  constantly  expended.  For  the  attainment  of 
this  end  he  drains,  ploughs,  subsoil- ploughs,  and  otherwise  works  his 
land.  For  this  end  he  clays,  sands,  marls,  and  manures  it.  By  these 
and  sinular  operations  the  land  is  so  changed  as  to  become  both  able  and 
willing  to  nourish  and  ri])en  those  peculiar  plants  which  the  agriculturist 
wishes  to  raise.  On  this  practical  department  of  the  art  of  culture, 
the  principles  explained  and  illustrated  in  the  preceding  parts  of  these 
lectures,  throw  much  light.  They  not  only  explain  the  reason  why  cer- 
tain practices  elways  succeed  in  the  hands  of  the  intelligent  farmer — but 
why  others  also  occasionally  and  inevitably  fail— they  tell  him  which 
practices  of  his  neighbours  he  ought  to  adopt,  and  which  of  them  he  had 
better  modify  or  wholly  reject, — and  they  direct  him  to  such  new  modes 
of  improving  his  land  as  are  likely  to  add  the  most  to  its  permanent 
productive  value. 

The  operations  of  the  husbandman  in  producing  changes  upon  the 
land,  axe  either  mechanical  or  chemical.  When  he  drains,  ploughs, 
and  subsoils,  he  alters  chiefly  the  physical  characters  of  his  soil — when 
he  limes  and  manures  it,  he  alters  its  chemical  (Constitution.  These  two 
classes  of  operations,  therefore,  are  perfectly  distinct.  Where  a  soil  con- 
tains all  that  the  crops  we  desire  to  grow  are  likely  to  require,  mere  me- 
chanical operations  may  suffice  to  render  it  fertile^but  where  one  or 
more  of  the  inorganic  constituents  of  plants  are  wanting,  draining  may 
prepare  the  land  to  benefit  by  further  operations,  but  it  will  not  be  alone 
sufficient  to  remove  its  comparative  sterility.  I  shall,  therefore,  con- 
mder  in  succession  these  two  classes  of  practical  operations :-» 

1°.  Mechanical  methods  of  improving  the  soil,  inclpdine  draining;, 
ploughing,  mixing  with  clay,  sand,  6cq, 
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2°.  Chemical  methods,  including  limeing,  marling,  and  the  application 
of  vegetable,  aoitual,  and  minersd  manures. 

To  satisfy  you  fully,  however,  in  regard  to  the  absolute  necessity 
for  such  changes,  if  we  would  render  the  land  fit  to  produce  any  given 
crop,  let  me  illustrate,  by  a  few  brief  examples,  the  intimate  relation 
observed  in  nature  between  the  kind  of  soil  and  the  kind  of  plants  that 
grow  upon  it. 

^  I.  On  the  connection  between  the  kind  of  $oU  and  the  kind  of  plants 
that  grow  upon  it. 

That  a  general  connection  exists  between  the  kind  of  soil  and  the 
kind  of  plants  that  grow  upon  it,  is  familiar  to  all  practical  men.  Thus 
clay  soils  are  generally  acknowledged  to  be  best  adapted  for  wheat-^ 
loamy  soils  for  barley— 4andy  loams  for*oats  or  barley— such  as  are  more 
sandy  still  for  oats  or  rye— «nd  those  which  are  almost  pure  sand,  for 
rye  alone  of  all  the  corn-bearing  crops. 

But  in  a  state  of  nature,  we  find  special  difi'erences  among  the  spon- 
taneous produce  of  the  soil,  which  are  more  or  less  readily  traceable  to 
its  chemical  constitution  in  the  spots  where  the  plants  are  seen  to 
grow.    Thus— 

1°.  On  the  sandy  soils  of  the  sea  shores,  and  on  the  salt  steppes  of 
Hungai^  and  Russia,  the  sand-worts,  salt-worts,  glass-worts,  and  other 
salt-lovmg  plants  abound.  When  these  sands  are  inclosed  and  drained, 
the  excess  of  the  salt  is  gradually  washed  out  by  the  rains,  or  in  some 
countries  is  removed  by  reaping  the  saline  plants  annually,  and  burning 
them  for  soda  (barilla),  when  wholesome  and  nutritive  grasses  take  their 
place ;  but  the  white  clover  and  the  daisy,  and  the  dandelion,  must  first 
appear,  before,  as  a  general  rule,  it  can  be  profitably  ploughed  up  and 
sown  with  com. 

2^.  The  dry  drifted  sands,  more  or  less  remote  from  the  sea,  prodace 
no  such  plants.  They  are  distinguished  by  their  own  coarse  grasses, 
amonc  which  the  elymus  arenarius  (upright  sea  lyme-grass) often,  in  oar 
latitudes,  occupies  a  conspicuous  place.  On  the  downs  of  North  Jut- 
land, it  was  formerly  almost  the  only  plant  which  the  traveller  could 
meet  with  over  an  area  of  many  miles. 

3^.  On  ordinary  sand}r  soils  leguminous  plants  are  rare,  and  the  her* 
bage  often  scanty  and  void  of  uourishment.  With  the  presence  of  mad 
in  such  soils,  the  natural  growth  of  leguminous  plants  increases.  The 
oolt*s-foot  also,  and  the  butter-biir,  not  only  grow  naturally  where  the 
subsoil  is  marly,  but  infest  it  sometimes  to  such  a  degree  as  to  be  with 
great  difficulty  extirpated.  So  true  is  this  indication  of  the  nature  of 
the  soil,  that  in  the  lower  vallies  of  Switzerland  these  plants  are  said  to 
indicate  to  the  natives  where  they  may  successfully  dig  for  marl.*  On 
calcareous  soils,  again,  or  such  as  abound  in  lime,  the  quicken  or  cooch- 
ffrass  is  seldom  seen  as  a  weed,f  while  the  poppy,  the  vetch,  and  the 
darnel  abound. 

4°.  So  peaty  ^ils,  when  laid  down  to  grass,  slowly  select  for  them- 

*  Pn»9  JBmaytqf  tht  Highiand  Society,  I,  p.  13i 
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selves  a  peculiar  tribe  of  grasses,  especially  suited  to  tbeir  own  nafuie, 
among  which  the  holctu  lanatus  (meadow  sofl-grass)  is  remarkably 
abundant.  Alter  their  constitution  by  heavy  limeing,  and  they  produce 
luxuriant  green  crops  and  a  great  bulk  of  straw,  but  give  a  coarse  thick- 
skinned  grain,  more  or  less  imperfectly  filled.  Alter  them  further  by  a 
dressing  of  clay,  or  keep  them  in  arable  culture,  and  stiflfen  them  with 
composts,  and  they  will  be  converted  into  rich  and  sound  corn-bearing 
lands. 

5°.  In  the  waters  that  gush  from  the  sides  of  lime-stone  hill»— on  the 
bpttoms  of  ditches  that  are  formed  of  lime-stones  or  marls— and  in  the 
springs  that  have  their  rise  in  many  trap  rocks,  the  water-cress  appears 
and  accompanies  the  running  waters,  sometimes  for  miles  on  their 
course.  The  mare's-tail  (eguisetum)^  on  the  other  hand,  attains  its  largest 
size  by  the^  marshy  banks  of  rivulets  in  which  not  Ume  but  ailica  is 
more  fOjusdantly  present.  So  the  Cornish  heath  (erieavaeans)  is  found 
only  over  the  serpentine  soils  of  Cornwall,  and  the  red  broom  rape 
{orohanche  rubra)*  only  on  decayed  traps  in  Scotland  and  Ireland. 

These  facts  all  point  to  the  same  natural  law,  that  where  other  circum- 
stances of  climate,  moisture,  6cc.j  are  ecjual,  the  natural  vegeiatioiP^ihat 
tchich  grows  best  on  a  given  spot-^  entirely  dependent  upon  (he  chemical 
constitution  of  the  soil. 

But  both  the  soil,  and  the  vegetation  it  willingly  nourishes,  are  seen 
to  undergo  slow  but  natural  changes.  Lay  down  a  piece  of  land  to  grass, 
and,  after  a  lapse  of  years,  the  surface  soil— -originally,  perhaps,  of  the 
stifiest  clay— is  found  to  have  become  a  rich,  light,  vegetable  mould, 
bearing  a  thick  sward  of  nourishing  grasses,  lumost  totally  different 
from  those  which  naturally  grew  upon  it  when  first  converted  into  pas- 
ture. So  in  a  wider  field,  and  on  a  larger  scale,  the  same  slow  changes 
are  exhibited  in  the  vast  natural  forests  that  are  known  to  have  long 
covered  extensive  tracts  in  various  countries  of  Europe. 

Thus  it  is  a  matter  of  history  that  Charlemagne  hunted  in  the  forest 
of  Gerardmer,  then  consisting  of  oak  and  beech— though  now  the  same 
forest  contains  only  pines  of  various  species.  On  the  Rhine,  between 
Landau  and  Kaiserlautem,  oak  foresu,  of  several  centuries  old,  are  seen 
to  be  eraduallYggiving  way  to  the  beech,  while  others  of  oak  and  beech  are 
yieldmg  to  the  encroachments  of  the  pine.  In  the  Palatinate,  the 
Scotch  fir  {pwus  sylvestris)  is  also  succeeding  to  the  oak.  In  the  Jura, 
and  in  the  Tyrol,  the  beech  and  the  pine  are  seen  mutually  to  replace 
each  other — and  the  same  is  seen  in  many  other  districts.  When  the 
time  for  a  change  of  crop  arrives,  the  existing  trees  begin  to  languish 
one  aAer  another,  their  branches  die,  and  finally  their  dry  and  naked 
tops  are  seen  surrounded  by  the  luxuriant  foliage  of  other  races,  f  These 
facts  not  only  show  how  much  die  vegetable  tribes  are  dependent  upon 
the  chemical  nature  of  the  soil — they  indicate,  likewise,  the  existence 
of  slow  natural  changes  in  the  constitution  of  the  soil,  which  lead  neces- 
sarily to  a  change  of  vegetation  also. 

We  can  ourselves,  in  the  case  of  ancient  forests,  efiect  such  changes. 
When  in  the  United  States  a  forest  of  oak  or  maple  is  cut  down,  one  of 


*  Hooker's  Flora  Seotica. 
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pine  springs  up  in  its  place ;  while  on  the  site  of  a  pine  forest,  oak  and 
other  broad-leaved  trees  speedily  appear. 

But  if  the  full  lime  for  such  changes  has  not  yet  come,  the  new  vege- 
tation may  be  overtaken,  and  smothered  by  the  original  tribes.  Thus, 
when  the  pine  forests  of  Sweden  are  burned  down,  a  young  growth  of 
birch  succeeds,  but  afier  a  time  the  pines  again  appear  and  usurp  their 
former  dominion.  The  soil  remains,  still,  more  propitious  to  the  growth 
of  the  latter  than  of  the  former  kind  of  tree. 

We  may,  therefore,  take  a  practical  lesson  from  the  book  of  nature. 
If  we  wish  to  have  a  luxuriant  vegetation  upon  a  ^ven  spot,  we  must 
either  select  such  kinds  of  seeds  to  sow  upon  it  as  are  fitted  to  the  kind 
of  soil,  or  we  must  change  the  nature  of  tne  land  so  as  to  adapt  it  to  our 
crop.  And,  even  when  we  have  once  prepared  it  to  yield  abundant  re- 
turns of  a  particular  kind,  the  changes  we  have  produced  can  only  be 
more  or  less  of  a  temporary  nature.  Our  care  and  attention  must  still 
be  bestowed  upon  it,  that  it  may  be  enabled  to  resist  the  slow  natural 
causes  of  alteration,  by  which  it  is  gradually  unfitted  to  nourish  those 
vegetable  tribes  which  it  appears  now  to  delight  in  maintaining. 

Let  us  now  turn  our  attention,  therefore,  to  the  methods  by  which 
thes^beneficial  changes  are  to  be  effected  and  maintained. 

^  2.  Of  draining,  and  its  effects. 

Among  the  merely  mechanical  methods  by  which  those  changes  are 
to  be  produced  upon  the  soil,  that  are  to  fit  it  for  the  better  crowth  of 
valuable  crops,  draining  is  now  allowed  to  hold  the  first  place.  That  it  is 
an  important  step  in  heavy  clay  lands,  and  that  it  must  be  the  first  step 
in  all  cases  where  water  abounds  in  the  surface  soil,  will  be  readily  con- 
ceded ;  but  that  it  can  be  beneficial  also  in  situations  where  the  soils  are 
of  a  sandy  nature — where  the  subsoil  is  light  and  porous—or  where  the 
inclination  of  the  field  appears  sufficient  to  allow  a  ready  escape  to  the 
water,  does  not  appear  so  evident,  and  is  not  unfretjuently,  therefore,  a 
matter  of  considerable  doubt  and  difficulty.  It  may  be  useful,  then, 
briefly  to  state  the  several  effects  which  in  different  localities  are  likely  to 
follow  an  efficient  drainage  of  the  land  :— 

1°.  It  carries  off  all  stagnant  water,  and  gives  a  ready  escape  to  the 
excess  of  what  falls  in  rain-. 

2°.  It  arrests  the  ascent  of  water  from  beneath,  whether  by  capillary 
action  or  by  the  force  of  springs^and  thus  not  only  preserves  the  sur- 
face soil  from  undue  moisture,  but  also  frees  the  subsoil  from  the  lingering 
presence  of  those  noxious  substances,  which  in  undrained  land  so  fre- 
quently lodge  in  it  and  impair  the  growth  of  deep-rooted  plants. 

3°.  It  allows  the  water  of  the  rains,  instead  of  merely  running  over 
and  ofien  injuriously  washing  the  surface,  to  make  its  way  easily  through 
the  soil.  And  thus,  while  filtering  through,  not  only  does  the  rain-wa- 
ter impart  to  the  soil  those  substances  useful  to  vegetation,  which,  as 
we  have  seen,*  it  always  contains  in  creater  or  less  abundance ;  but 
it  washes  out  of  the  upper  soil,  and,  when  the  drains  are  deep  enough, 
out  of  the  subsoil  also,  such  noxious  substances  as  naturally  collect  and 
may  have  been  long  accumulating  there— rendering  it  unsound  and 

*  See  Lecture n.,  16;  Lecture IV.,  I  6;  and  Lecture  VlIL,f  6.         ^  t 
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hurtful  to  the  roots.  The  latter  is  one  of  those  benefits  which  gradually 
follow  the  draining  of  land.  When  once  thoroughly  eflfected,  it  consti- 
tutes a  most  important  permanent  improvement,  and  one  which  can  be 
fully  produced  by  no  other  available  means.  It  will  be  permanent, 
however,  only  so  long  as  the  drains  are  kept  in  good  condition.  The 
same  openness  of  the  soil  which  enables  the  rains  to  wash  out  those  solu- 
ble noxious  substances,  which  have  been  long  collecting,  permits  them 
to  carry  off  also  such  as  are  gradually  formed,  and  thus  to  keep  it  in  a 
sound  and  healthy  state ;  but  let  this  openness  be  more  or  less  impaired 
by  a  nedect  of  the  drainage,  and  the  original  state  of  the  land  will  again 
gradually  return. 

4^.  This  constant  descent  of  water  through  the  soil  causes  a  similar 
constant  descent  of  fresh  air  through  its  pores,  from  the  surface  to  the  depth 
of  the  drains.  When  the  rain  falls,  it  enters  t  he  soil  and  more  or  less  com- 
pletely displaces  the  air  which  is  contained  within  its  pores.  This  air 
either  descends  to  the  drains  or  rises  into  the  atmosphere.  When  the 
rain  ceases,  the  water,  as  it  sinks,  again  leaves  the  pores  of  the  upper 
soil  open,  and  firesh  air  conseouently  follows.  It  is  in  fact  sucked  in 
after  the  water,  as  the  latter  graaually  passes  down  to  the  drains.  Thus^ 
where  a  good  drainage  exists,  not  only  is  the  land  refreshed  by  every 
Bbower  that  falls— not  only  does  it  denve  from  the  rains  those  important 
substances  which  occasionally,  at  least,  are  brought  down  by  them  ftmsx 
the  atmosphere,  and  which  are  in  a  great  measure  lost  where  the  waters 
must  flow  over  the  surface— but  it  is  supplied  also  with  renewed  acces- 
sioDS  of  fresh  air,  which  experience  has  shown  to  be  so  valuable  in  pro- 
motiuffthe  healthy  growth  of  all  our  cultivated  crops. 

5^.^ut  other  consequences  of  great  practical  importance  follow  from 
these  immediate  efiects.  When  thus  readily  freed  from  the  constant 
presence  of  water,  the  soil  gradually  becomes  drier,  sweeter,  looser,  and 
more  fxiable.  The  hard  lumps  of  the  stiff  clay  lands  more  or  leas  dis- 
appear. They  crumble  more  freely,  offer  less  resistance  to  the  plough, 
and  are  in  consequence  more  easily  and  economically  worked.  These 
are  practical  benefits,  equivalent  to  a  change  of  soil,  which  only  the 
former  of  stubborn  clays  can  adequately  appreciate. 

6^.  With  the  permanent  state  of  moisture,  the  coldness  of  many  soils 
also  rapidly  disappears.  The  backwardness  of  the  crops  in  spring,  and 
the  lateness  of  the  harvests  in  autumn,  are  less  frequently  complained 
o^— for  the  drainage  in  many  localities  produces  effects  which  are  equi- 
valent to  a  change  of  climate.  '*  In  consequence  of  the  drainage  which 
has  taken  place  in  the  parish  of  Peterhead,  in  Aberdeenshire,  during^the 
last  20  years,  the  crops  arrive  at  maturity  ten  or  fourteen  days  sooner 
than  they  formerly  did  ;'^*  and  the  same  is  true  to  a  still  greater  extent 
in  many  other  localities. 

7^.  On  stiff  clay  lands,  well  adapted  for  wheat,  wet  weather  in  au- 
tumn not  unfrequently  retards  the  sowing  of  winter  com-*in  undraiued 
lands,  oflen  completely  prevents  it^-compelline  the  farmer  to  changehis 
system  of  cropping,  and  to  sow  some  other  grain,  if  the  wpatber  permit 
him,  when  the  sprmg  comes  round.    An  efficient  drainage  carries  dff  the 

*  Mr.  Gray,  In  Uie  Prixe  Bmtya  qfthe  Highland  cmd  Agricultural  Society^  n.,  p.  171,  This 
opinion  was  giTso  in  1830,  since  which  time  many  oUier  extensive  improTements  hsTe  been 
made  to  that  part  of  the  island. 
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water  SO  rapidly  as  to  bring  the  land  into  a  workable  state  soon  after  the 
rain  has  ceased,  and  thus,  to  a  certain  extent,  it  rescues  the  farmer  from 
the  fickle  dominion  of  the  uncertain  seasons.*  To  the  skilful  and  in- 
telligent farmer,  who  applies  every  available  means  to  the  successful 
prosecution  of  his  art,  the  promise  even  in  our  age  and  country  is  sure 
— '*  that  seed-time  and  harvest  shall  never  fail.*' 

8°.  But  on  lands  of  every  kind  this  removal  of  the  superfluoos  water 
is  productive  of  another  practical  benefit.  In  its  consequences  it  is  eqtd' 
vaient  to  an  acttud  deepening  of  the  soil. 

When  land,  on  which  the  surface  water  is  ita  the  habit  of  resting,  be- 
comes dry  enough  to  admit  the  labours  of  the  husbandman,  it  is  still 
found  to  be  wet  l^neath,  and  the  waters,  even  in  dry  seasons,  not  unfre- 
quently  remain  where  the  roots  of  the  crops  wdhld  otherwise  be  inclined 
to  come.  Or,  if  the  surface  soil  permit  a  ready  passage  to  the  rains,  and 
waters  linger  only  in  the  moist  subsoil,  still— though  the  "farmer  may 
not  be  delayed  in  his  labours— the  subsoil  repels  the  approach  of  tHe 
roots  of  his  grain,  and  compels  them  to  seek  their  nourishment  from  the 
surface  soil  only.  But  remove  the  waters,  and  the  soil  becomes  dry  to 
«  greater  depth.  The  air  penetrates  and  difiiises  itself  wherever  the 
waters  have  been.  The  roots  now  freely  and  safely  descend  into  the 
almost  virgin  soil  beneath.  And  not  only  have  they  a  larmier  space 
thiough  which  to  send  their  fibres  in  search  of  food,  but  in  this  hitherto 
iingenial  soil  they  find  a  store  of  substanceft— but  sparingly  present,  it  may 
be,  in  the  soil  above— which  the  long-continued  wauiing  of  the  rains, 
or  the  demands  c^  frequent  crops,  may  have  removed,  but  which  may 
have  been  all  the  time  accumulating  in  the  sobsoil,  into  which  the 
roots  of  cultivated  plants  could  rarely  with  safety  descend.  It  is  not 
wonderful,  then,  that  the  economical  effects  of  draining  should  be  found 
by  practical  men  to  be  not  only  a  diminution  in  the  cost  of  cultivation,  but 
a  considerahlv  augmented  produce  also  both  in  corn  and  grass;  or  that 
this  increased  produce  should  alone  be  found  sufficient  to  repay  the  en* 
tire  cost  of  thorough-draining  in  two  or  three  years. 

An  obvious  practical  su^stion  arises  out  of  the  knowledge  of  this 
fact.  The  deeper  the  drams,  provided  the  water  have  atiU  a  ready  es- 
cape,  the  greater  the  depth  of  soil  which  is  rendered  available  for  the 
purposes  of  vegetable  nutrition.  Deep-rooted  plants,  such  as  lucerne, 
often  fail,  even  in  moderately  deep  soils,  because  an  excess  of  water  or 
the  presence  of  some  noxious  ingredient  which  deep  drains  would  re* 
move,  prevents  their  natural  descent  in  search  of  food.  Even  plants, 
which,  like  that  of  wheat  or  clover,  do  not  usually  send  down  their  roots 
so  far,  will  yet,  where  the  subsoil  is  sound  anddiy,  extend  their  fibres  for 
three  or  more  feet  in  depth,  in  quest  of  more  abundant  nourishment. 

Not  only,  then,  do  deep  drains  permit  the  use  of  the  subsoil  plough 
without  the  chance  of  injury,— not  only  are  they  less  liable  to  be  choked 
up  by  the  accumulated  roots  of  plants  which  naturally  make  their  way 


*  "Fomerlv,'^  my  Mr.  Wilson,  or  Comledfe,  in  his  tMoanl  of  the  dmtMfe  of  •  1 

in  BeMrickshire,  "  (his  part  of  the  farm  was  so  wet,  that— though  better  adapted  for  wheat 
than  any  other  crop— the  seaeon  for  sowinc  was  frequently  lost,  andaAer  an  ezpensire  fal- 
lowing  and  limeing,  it  was  sown  with  oats  in  spring,  of  which  it  always  produced  very  poor 
props.  It  is  now  so  dry  as  to  grow  Tery  good  crops  of  turnip  or  rBpe,  and  except  In  two 
NiMiaooes.  1  have  always  sown  my  wheat  io  capltiU  order."— iVf are  £mm9 1^  the  Bigklvnd 
md  Africukwrpl  Society,  I.,  p  2*  ^  -^  ^ 
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into  them  in  search  of  water,— -but  they  ako  increase  the  ralue  and  per- 
manent fertility  of  the  land,  by  increasing  its  available  depth.  la  other 
words,  that  kind  of  drainage  which  is  most  efficiently  performed,  with  a 
regard  to  the  greatest  numoer  of  contingencies,  will  not  only  be  the  most 
permanent,  but  will  also  be  followed  by  the  greatest  number  of  eomoTiu* 
cal  advantages* 

9^.  Nor  do  the  immediate  and  practical  benefits  of  drainmg  end  with 
the  attainment  of  these  beneficial  results.  It  is  not  till  the  land  is  ren- 
dered dry  that  the  skilful  and  enterprising  farmer  has  a  fair  field  on 
wliich  to  expend  his  exertions.  In  wet  soils,  bones,  wood-ashes,  rape* 
dust,  nitrate  of  soda,  and  other  artificial  manures,  are  almost  thrown 
away.  Even  lime  exhibits  but  one-half  of  its  fertilizing  virtue,  where 
water  is  allowed  to  stagnate  in  the  soil.  Give  him  dry  fields  to  work 
upon,  and  the  well-instructed  agriculturist  can  bring  all  the  resources, 
as  well  of  modem  science  as  of  old  experience,  to  bear  upon  them,  with 
a  fair  chance  of  success.  The  disappointments  which  the  holder  of  un« 
drained  lands  so  often  meets  with,  ne  will  less  frequently  experience. 
An  adequate  return  will  generally  be  obtained  for  nis  expenditure  in 
manuring  and  otherwise  improving  his  soil,  and  he  will  thus  be  encour- 
B^ed  lo  proceed  in  devoting  nis  capital  to  the  permanent  amelioration  of 
his  farm— not  less  for  his  own  than  for  his  landlord's  benefit. 

Viewed  in  this  light,  draining  is  only  the  first  of  a  long  series  of  im- 
provements, or  rather  it  is  a  necessary  preparative  to  the  numerous  im- 
provements of  which  the  soil  of  islands  is  susceptible — which  improve- 
ments it  would  be  a  waste  of  money  to  attempt,  until  an  efficient  system 
d  drainage  is  established.  And  when  we  consider  how  great  a  national 
benefit  this  mera  preparatory  measure  alone  is  fitted  directly  to  confer 
upon  the  country,  you  will  agree  with  me  in  thinking  that  every  good 
eitizen  ought  to  exercise  his  influence  in  endeavouring,  in  his  own  dietrictt 
more  or  less  rapidly  to  promote  it.  It  has  been  calculated  that  the  drain- 
age of  those  lands  only,  which  are  at  present  in  arable  culture  (10  mil- 
lions of  acres),  would  at  once  increase  their  produce  by  10  millions  of 
quarters  of  the  various  kinds  of  grain  now  grown  upon  them ; — and  that 
a  similar  drainage  of  the  uncultivated  lands  (15  millions  of  acres) 
would  yield  a  further  increased  produce  of  twice  as  much  moce.  This 
increase  of  30  millions  of  c^uarters  is  equal  to  nearly  one-half  of  our  pre- 
sent consumption*  ofall  kinds  of  grain— so  that  were  it  possible  to  enect 
at  once  this  general  drainage,  a  large  superfluity  of  com  would  be  raised 
from  the  British  soil. 

This  general  drainage,  however,  cannot  possibly  be  effected  in  any 
given  time.  The  individual  resources  of  the  land-owners  are  not  suffi- 
cient to  meet  the  expense, f  and  such  calculations  as  the  above  are  use- 
ful, mainly,  in  stimulating  the  exertions  of  those  who  have  capital  to 
spare,  or  such  an  excess  of  income  as  can  permit  them  to  invest  an  an- 
nual portion  permanently^  in  the  soil. 

*  66  miOions  of  qoaiten.  Bee  an  excellent  paper  on  this  nxbjeet  In  the  Qntafta-hf  ^rS- 
etUturat  JownaLt  m,  p.  600,  br  Mr.  Dudgeon,  or  Spyelaw,  la  Rozburyhshire,  a  coumy  in 
which  th  eprmetieal  bfmefltaof  dnlning  have  been  exienaively  experienced,  and  are  therefore 
well  onderstocd. 

t  To  drain  26  mOUona  of  acres,  at  jB6  an  acre,  would  coat  160  miUions  sterling,  a  sum  equal, 
probably,  to  the  whole  capital  at  praaent  Invested  \n  farming  the  land. 

I  By  an  efficient  dnOnage  the  soil  ls|)ermanentfy  bw^ted,  bat  It  Is  not  so  cUar  that  the 
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lO'^'.  He  who  drains  and  thus  improves  his  own  laod,  confers  a 
henefit  upon  his  neighbours  also.  In  the  Ticinitv  of  wet  and  boggy 
lands  the  hopes  of  the  industrious  fanner  are  ofteu  disappointed.  Mists 
are  frequent  and  rains  more  abundant  od  the  edffes  of  the  moor,  and 
milUdews  retard  the  maturity,  and  often  seriously  mjure  the  crops.  Of 
undrained  land,  in  general,  the  same  is  true  to  a  less  extent,  and 
the  presence  of  one  unimproved  property  in  the  centre  of  an  enterpris- 
ing district,  may  Ions  withhold  from  the  adjoinine  farms  that  full  mea- 
sure of  benefit  which  the  money  and  skill  expended  upon  them  would 
in  other  circumstances  have  immediately  secured. 

So  true  is  it  in  regard  to  every  new  exercise  of  human  skill  and  in 
every  walk  of  life,  that  we  are  all  mutually  dependent,  every  one  upon 
every  other ;  and  that  the  kindly  co-operation  of  all  can  alone  secure 
that  ample  return  of  good,  which  the  culture  either  of  the  dead  earth 
or  of  the  living  intellect  appears  willing,  and  we  may  hope  is  ultimately 
destined,  to  confer  upon  our  entire  race. 

11^.  I  would  not  here  willinely  neglect  to  call  your  attention  to  a 
higher  benefit  still,  which  the  skilful  drainage  of  an  extensive  district  is 
fitted  to  confer  upon  its  whole  population.  Not  only  is  this  drainago 
equivalent,  as  above  stated,  to  a  change  of  climate  in  reference  to  the 
growth  and  ripening  of  plants,  but  it  is  so  also  in  reference  to  the  gene^ 
neral  health  of  the  people,  and  to  the  number  and  kind  of  the  di^asea 
to  which  they  are  observed  to  be  exposed. 

I  may  quote  in  illusuation  of  this  fact  the  interesting  observations  of 
Dr.  Wilson  on  the  comparative  state  of  health  of  the  labouring  popula- 
tion in  the  district  of  Kelso  during  the  last  two  periods  of  ten  years.  In 
his  excellent  paper  on  this  subject,  in  the  QuarUrly  Journal  of  Agricul- 
ture,* he  has  shown  that  fever  and  ague,  which  formed  nearly  one-half 
of  all  the  diseases  of  the  population  during  the  former  ten  years,  have 
almost  wholly  disappeared  during  the  latter  ten,  in  consequence  of  tba 
general  extension  of  an  efficient  drainage  throughout  the  country ;  while, 
at  the  same  time,  the  fatality  of  disease,  or  the  comparative  number  of 
deaths  from  every  hundred  cases  of  serious  ailment,  has  diminished  in 
proportion  of  4-6  to  2*59.  Such  beneficial  results,  though  not  immedi- 
ately sought  for  by  the  practical  farmer,  yet  are  the  inevitable  conse- 
quence of  his  successful  exertions.  Apart,  therefore,  from  mere  con- 
siderations of  pecuniary  profit,  a  desire  to  promote  the  general  comfort 
and  happiness  of  the  entire  inhabitants  of  a  district  may  fairly  influ- 
ence the  possessors  of  land  to  promote  this  method  of  ameUoraiing  the 
soil ;  while  the  whole  people,  on  the  other  hand,  of  whatever  class, 
ought  '*  gratefully  to  acknowledge  the  value  of  those  improvements 
which  at  once  render  our  homes  more  salubrious  and  our  fields  more 
fruitful." 


BMMiey  it  epsti  la  pemmetUfy  vMnud  or  buried  In  the  soil.  If  the  cott  be  repaid  by  the 
JncraaM  of  produce,  In  three  years,  the  money  Is  not  tnTested,  It  is  only  lent  for  Uila  period 
to  the  sou.  "  I  drain  so  many  acres  every  year,"  said  the  holder  of  a  large  Berwickshire 
farm  tolhe,  "and  I  find  mjeelf  always  repaid  by  Uie  end  of  the  third  season.  If  I  have 
\S!^^^  enough.  Uierefore,  to  go  on  for  Uiree  years,  I  can  grMlaally  dnin  any  extent  of 
land,by  the  repeated  use  of  the  tame  sum  of  moDey."  •  -^  /v. 

•  VoiumezU.,p.3i7. 
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The  practical  benefits  of  draining,  therefore,  may  be  stated  generally 
as  follows  ^ — 

A.  It  18  equivalent  not  only  to  a  change  of  soil,  but  also  to  a  change 
of  climate,  both  in  reference  to  the  growth  of  plants  and  to  the  health 
of  the  population. 

B.  It  is  equivalent  also  lo  a  deepening  of  the  soil,  both  by  removing 
ihe  water  and  by  allowing  those  noxious  ingredients  to  be  washed  out 
of  the  subsoil  which  had  previously  prevented  the  roots  from  descending. 

C.  It  is  a  necessaiy  preparation  to  the  many  other  means  of  im- 
provement which  may  be  applied  to  the  land. 

Voo  will  now  be  able  to  perceive  in  what  way  it  is  possible  that 
even  light  and  sandy  soils,  or  such  as  lie  on  a  sloping  surface,  may  be 
matly  benefitted  by  draining.  Where  no  open  outlet  exists  under  a 
foaqiy  or  sandy  sniface  soil,  any  noxious  matters  that  either  sink  from 
above,  or  ooze  up  from  beneath,  will  long  remain  in  the  subsoil,  and 
render  it  more  or  less  unwholesome  to  valuable  cultivated  plants.  But 
let  such  an  outlet  be  made  by  the  establishment  of  drains,  and  that 
which  rises  from  beneath  will  be  arrested,  while  that  which  descends 
fifom  above  will  escape.  The*  rain-waters  passing  through  will  wash 
tlie  whole  soil  also  as  deep  as  the  bottom  of  the  drains,  and  the  atmos- 
pheric air  will  accompany  or  follow  them. 

The  same  remarks  apply  to  lands  which  possess  so  great  a  natural 
iDclination  as  to  allow  the  surface  water  readily  to  flow  away.  Such  a 
sloping  surface  does  not  necessarily  dry  the  subsoil,  free  it  from  noxious 
substances,  or  permit  the  constant  access  of  the  air.  Small  feeders  of 
water  occasionally  make  their  way  near  to  the  surface,  and  linger  long 
in  the  subsoil  before  they  make  their  escape.  This  is  in  itself  an  evil ; 
but  when  such  springs  are  impregnated  with  iron  the  evil  is  greatly 
augmented,  and  from  such  a  cause  alone  a  more  or  less  perfect  barren- 
ness not  unfrequently  ensues.  To  bring  such  lands  by  degrees  to  a 
sound  and  healthy  state,  a  mere  outlet  beneath  is  often  alone  sufficient. 

It  is  to  this  lingering  of  unwholesome  waters  beneath,  that  the  origin 
of  many  of  our  moor-lands,  especially  on  higher  grounds,  is  in  a  great 
measure  to  be  attributed.  A  calcareous  or  a  ferruginous  spring  sends  up 
its  waters  into  the  subsoil.  The  slow  access  of  air  fVom  abK)ve,  or  it 
may  be  the  escape  of  air  from  water  itself,  causes  a  more  or  less  ochrey 
deposit,*  which  adheres  to  and  gradually  cements  the  stones  or  earthy 
paiticleSf  amonff  which  the  water  is  lodged.  Thus  a  layer  of  solid 
stone  is  gradually  formed— the  moor-land  pan  of  many  districts— which 
neither  allows  (he  roots  of  plants  to  descend  nor  the  surface  water  to  es- 
cape. Hopeless  barrenness,  therefore,  slowly  ensues.  Coarse  grasses, 
moeses,  and  heath,  grow  and  accumulate  upon  soils  not  originally  in- 
clined to  nourish  them,  and  by  which  a  better  herbage  had  previously 
been  long  sustained.  Of  such  lands  many  tracts  have  been  reclaimed 
by  breaking  up  this  moor-land  pavement,  but  such  an  improvement, 

*  If  the  water  contain  wuiphatt  of  Iron,  the  air  from  above  will  impart  to  iti  iron  an  ad- 
ditional quantity  of  oxygen,  and  canae  a  portion  of  it  to  fall  in  the  elate  of  peroxide.  If  the 
Iron  or  liiae  be  present  in  the  state  of  otcarbonate,  the  escape  of  carbonic  acid  from  the 
water  will  cause  a  deposit  of  carbonate  of  iron  or  of  lime.  Any  of  these  deposits  will 
cement  the  eartbT  or  stony  particles  together.  Iron,  however,  is  sometimes  held  in  solu- 
tion by  an  organic  acid  (cren^c),  which  becomes  insoluble,  and  falls  along  with  the  troa 
when  the  latter  has  absorbed  more  oxygen  from  the  atmosphere. 

uigmzeu  uy  x-j  vy^/pi  i\^ 
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unless  preceded  by  a  skilful  drainage,  can  only  be  temporary.  The 
same  natural  process  will  again  begin,  and  the  same  result  will  follow, 
unless  an  outlet  be  provided  for  the  waters  from  which  the  petrifying 
deposit  proceeds. 

It  ought  to  be  mentioned,  however,  that  where  a  ready  passage  and 
escape  for  the  water  is  provided  by  an  efficient  drainage,  and  especially 
in  light  and  porous  soils,  the  saline  and  other  soluble  substances  they 
contain  will  be  liable,  in  periods  of  heavy  rain,  to  be  more  or  less  com- 
pletely washed  out  and  carried  ofi*  by  tne  water  that  trickles  through 
them.  While,  therefore,  the  establishment  of  drains  on  all  soils  may 
adapt  and  prepare  them  for  further  improvements,  and  may  make  them 
more  grateful  for  eveiy  labour  or  attention  that  may  be  bestowed  upon  them 
—yet  after  drainage  they  must  be  more  liberally  dealt  with  than  before^ 
if  the  increased  fertility  they  at  first  exhibit  is  to  be  permanently  main- 
tained or  increased* 

§  3.     Of  the  theory  of  Springs, 

In  the  general  drainage  of  the  land  a  double  object  is  sought  to  be  at- 
tained. In  very  rainy  districts,  the  first  wish  of  the  £urmer  is  to  carry 
off  the  surface  water  from  his  fields— but  where  less  rain  falls,  that 
which  ascends  from  beneath  in  springs,  attracts  at  least  an  equal  share 
of  the  husbandman's  regard.  In  draining,  with  a  view  to  the  removal 
of  this  latter  source  of  superfluous  moisture,  a  knowledge  of  the  true 
theory  of  springs,  as  indicated  by  an  examination  of  certain  geological 
phenomena,  is  of  the  greatest  possible  service  to  the  practical  man,  in 
pointing  out  the  sources  from  which  the  water  that  injures  his  land  pro- 
ceeds, as  well  as  the  lines  along  which  it  may  be  most  effi.ciently  and 
most  economically  carried  off. 

1°.  The  rain  which  falls  on  the  surface  of  an  extensive  tract  of  country 
partly  escapes  into  the  rivers,  and  partly  sinks  into  the  earth.  This 
latter  portion  descends  through  the  covering  of  soil  and  other  loose  ma- 
terials till  it  reaches  the  rocks  on  which  they  rest.  If  these  rocks  are 
porous,  like  many  sand-stones,  or  are  travened  by  cracks  and  vertical 
fissures,  as  many  sand-stones  and  lime-stones  are,  it  descends  through 
them  also  till  it  reaches  a  bed,  such  as  one  of  indurated  clay,  so  close  and 
compact  as  to  resist  its  further  passage.  By  this  itnperwnu  bed  the  wa- 
ter is  arrested,  and  is,  therefore,  compelled  to  spread  itself  laterally,  and 
gradually  to  accumulate  in  the  beds  that  lie  above  it.  Thus,  if  the 
outline  from  A  to  C  in  the  annexed  diagram  represent  the  surface  of  an 


T 

undulating  country,  in  which  the  subjacent  rocks  (1,  2,  3,  4)  are  covered 
by  a  considerable  thickness  of  loose  materials,  the  rain  which  falls  from 
A  to  B  will  sink  more  or  less  rapidly  to  the  bed  (I),  and,  if  this  be  im- 
permeable to  water,  will  rest  there,  or  will  slowly  drain  off  in  the  di- 
rection of  B  and  C  along  the  inclined  surface  of  the  rock.  But  if  (1) 
be  porous,  it  will  sink  through  it  to  the  surface  of  the  bed  (2),  and 
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through  this  also,  if  permeable,  to  (3)  or  (4),  nntil  it  reaches  the  stratam 
ihroagh .  which  it  cannot  pass.  On  the  surface  of  this  latter  bed,  or 
among  the  rocks  abore  it,  the  water  will  accumulate  until,  flowing 
downwards  towards  C,  it  is  enabled  either  to  sink  among  the  deeper 
rocks,  or  to  make  its  escape  again  to  the  surface. 

But  if  the  rocks  beneath,  as  is  shown  in  the  same  diagram  from  £  to 
F,  be  traversed  by  vertical  fissures  passing  through  two  or  more,  or,  like 
the  one  represented  from  B  to  £,  through  a  great  number  of  beds,  the 
water  thai  falls  on  the  surface  will  readily  find  a  passage  downwards  to 
a  considerable  depth,  and  to  the  same  cracks  tne  water  that  lodges 
among  the  unfissured  rocks  from  D  to  E  will  also  gradually  make  its  way. 

The  practical  efTects  of  these  several  conditions  on  the  drainage  of  a 
country  ase  very  obvious.  If  the  stratum  (1)  be  impervious  to  water, 
the  surface  from  A  to  B  may  be  full  of  water,  and  may  urgently  de- 
mand the  introduction  of  drains,  whereas  if  (1)  and  (2)  be  porous,  the 
surface  water  will  gradually  sink,  and  the  apparent  necessity  for  artifi- 
cial drainage  will  become  much  less  striking.  On  the  other  hand, 
where  the  rocks  are  filled  with  frequent  cracks,  as  from  B  to  C,  the 
Borface  water  may  descend  and  disappear  so  rapidly,  as  to  render 
nseless  the  sinking  of  wella— and,  as  in  diy  summers,  greatly  to 
retard  the  progress  of  the  crops,  or  even  seriously  to  injure  the  prodnce 
of  the  harvest.  In  such  a  fissured  state  are  the  masnesian  lime-stone 
Focka  in  some  parts  of  the  county  of  Durham — and  sucn  is  the  consequent 
scarcity  of  water,  on  some  farms,  that  when,  in  long  droughts,  the  sup- 

SY  preserved  in  artificial  tanks  begins  to  fail,  Uie  cattle  most  be 
iven  to  water  sometimes  for  miles,  to  the  nearest  living  brook. 
2^ .  But  water  often  finds  its  way  to  greater  depths  without  passing 
thiDQgh  the  superior  strata,  and  even  where  they  are  absolutely  impervi- 
ous to  the  rains  that  fall  upon  them.    Thus  along  the  country  from  A  to 


B,  and  especially  towards  A,  the  surface  soil  rests  upon  the  upper  edges 
of  the  strata.  Suppose  now  the  beds  1,  2,  3,  to  be  impervious  to  water, 
the  rain  that  (alls  wherever  these'rocks  lie  immediately  beneath  the  sur- 
face will  either  remain  stagnant,  or  will  flow  oflfby  some  natural  drain- 
age. Thus  from  the  highest  point  C  in  the  above  diagram,  the  water 
mil  descend  on  either  hand  towards  a  and  6.  At  h  it  may  remain  stag- 
nant, for  it  cannot  descend  through  the  bed  (2),  which  forms  the  bottom 
of  the  valley,  and  the  same  is  true  of  the  hollow  c,  in  which  other  por- 
.  tions  of  the  water  will  rest.  All  this  tract  of  country,  therefore,  will  be 
more  or  less  cold,  wet,  and  consequently  unproductive.  But  let  the  bed 
(4),  the  edge  (or  <mtcrop)  of  which  forms  the  surface  at  a,  be  porous  or 
permeable,  then  the  water  which  falls  upon  that  spot  or  which  descends 
from  the  higher  grounds  about  C  and  A,  will  readily  sink  and  drain  off, 
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descendiofi;  from  a  towards  d  along  the  inclined  bed  till  it  finds  an  out- 
let in  the  latter  direction. 

Thus  it  niay  readily  happen  that  a  naturally  diy  and  fertile  valley,  as 
at  a,  may  exist  at  no  great  distance  from  others,  h  and  e,  which  aro 
marshy  and  insalubrious,  and  in  which  artificial  drainage  alone  can  de- 
velope  the  agricultural  capabilities  of  the  soil.  It  appears  also  that, 
though  in  any  district  the  rocks  which  lie  immediately  beneath  the  sur- 
face may  contain  no  water,  and  may  allow  none  to  pass  throu|;h  them, 
ret  that  other  beds,  perhaps  at  a  great  depth  beneath,  may  contam  much, 
t  is,  in  fact,  this  accumulation  of  water  beneath  impervious  beds  that 
gives  rise  to  so  many  natural  springs,  and  enables  us  by  artificial  wells 
to  brine  water  to  the  surface-— often  where  the  land  would  otherwise 
be  wholly  uninhabitable. 

3^.  Thus  in  undulating  countries,  where  hill-sides  frequently  pre^ 
sent  themselves,  or  vallies  are  scooped  out  among  the  rocks,  as  in  the 
following  wood-cut,  the  water  that  baa  fallen  over  the  higb  gioonds  to- 


I 


1^ 
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wards  A,  and  has  entered  as  above  described,  or  has  sank  down  to  the 
several  strata  1,  2,  3,  &c.,  will  find  a  ready  outlet  along  the  slope  of  the 
valley,  and  will  give  rise  to  springs  at  a,  b,  c,  or  d,  acc^rdin^  as  the  wa- 
ter h  as  lodged  i n  the  one  or  the  other  of  these  beds.  These  spnngs  will  fill 
the  surface  soil  with  water,  which  will  also  descend  into  the  bottom  of 
the  valley,  and,  if  no  sufficient  outlet  be  provided  for  it,  will,  according 
to  its  quantity,  give  rise  to  a  lake,  a  bog,  or  a  morass.  On  the  Aope  to^ 
wards  B  the  same  springs  are  not  to  be  expected,  since  the  rains  which 
sink  through  the  surface  on  this  side  of  the  valley,  and  lodge  in  the  po- 
rous rocks  beneath,  will,  by  the  inclination  of  the  beds,  be  drawn  ofi^  in 
the  opposite  direction,  till  a  second  valley  or  some  other  available  outlet 
present  itself  fbr  their  escape.  This  explains  why  the  land  on  one  side 
of  a  valley  or  of  a  hill  is  of^en  much  drier  than  on  the  other,  and  why, 
even  in  the  absence  of  the  improver's  skill,  an  apparently  more  fertile 
soil  may  exist,  and  better  crops  be  reaped. 

4°.  Again,  such  an  outlet  for  the  waters  that  rest  among  inclined  strata 
is  not  unfrequently  afibrded,  without  the  intervention  of  vallies,  and 
even  in  level  or  hilly  countries,  by  the  existence  of  slips  ox  faults  in  the 
rocks  beneath.  Such  a  slip  or  shifting  of  the  beds  is  represented  in  the 
following  diagram,  in  which  B  D  is  a  crack,  along  whicn  the  strata  from 
B  to  C  appear  to  have  slipped  downwards,  so  that  the  thin  bed  (2),  fbr 
example,  which  terminates  at  h  on  the  one  side  of  the  crack,  begins  again 
at  a  lower  level  c  on  the  other  side,  and  so  with  the  other  beds  that  lie 
above  and  below  it.  None  of  them  is  exactly  continuous  on  the  oppo- 
site sides  of  the  slip.  From  such  cracks  or  faults  in  the  beds,  springs 
of  water  oflen  rise  to  the  surface,  even  on  hill  tops,  as  at  B,  and  they 
may  be  thus  thrown  or  forced  out  from  either  of  two  causes— 

1*  These  slips  are  oflen  of  considerable  width,  and  are  usually  found 
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to  be  filled  with  impervious  clay.  This  is  the  case  at  least  among  tlie 
coal-measures,  which  have  been  the  most  extensively  explored.  The  ef- 
fect of  this  wall  of  clay  is  to  dam  back  at  B  D  the  water  which  descends 
along  the  inclined  beds  towards  C  from  the  country  beyond  A,  and  thus 
to  arrest  its  further  progress.  But  the  pressure  of  the  water  behind 
forces  that  which  has  reached  the  fault  B  D  to  seek  a  way  upwards,  and, 
as  spaces  not  unfrequently  exist  between  the  wall  of  clay  and  the  rocks 
between  which  it  stands,  the  water  finds  a  more  or  less  ready  outlet  at 
the  surface  B,  and  either  gushes  forth  as  a  living  and  welcome  spring, 
or  oozes  out  unseen  among  the  soil,  rendering  it  cold,  wet,  and  unproduc- 
tive. Thus  from  b  the  water  accumulated  in  the  bed  (2)  may  rise  to  the 
surface,  or  from  /  that  which  exists  in  (4),  or  from  any  other  bed  in 
which  water  exists,  and  from  almost  any  depth. 

2.  But  even  where  no  such  wall  of  clay  exists,  the  waters  may  still 
find  their  way  to  the  surface  along  lines  of  fault,  and  from  ^at  depths. 
Thus  suppose  the  thin  bed  (2)  to  be  full  of  water,  and  that  it  is  covered 
by  an  impervious  bed  (1),  then  the  water  which  tends  downwards  from 
a  to  6  will  be  arrested  at  the  fault,  and  dammed  back  by  the  impervi- 
ous extremity  of  (1)  against  which  it  now  rests.  If  an  outlet  can  be 
found,  it  will  therefore  nse  towards  the  surface.  And  as  the  rocks  incline 
upwards  in  the  direction  of  A,  the  pressure  from  behind  may  easily  cause 
the  water  to  ascend  to  the  summit  of  the  hill  at  B,  aiid  to  gush  out  in  a 
more  or  less  copious  spring. 

5^.  Where  no  natural  outlets  of  the  kind  above  described  exist  in  a 
district,  there  may  be  a  great  scarcity  of  water  on  the  surface,  while  abun- 
dance, as  we  have  already  seen  (2^),  may  exist  in  the  rocks  beneath, 
ready  and  willing  to  rise  if  a  passage  be  opened  for  it.  Such  is  the  case 
with  the  site  of  me  city  of  London,  represented  below : — 


London.  Thames. 


SBOTIOH    AOBOaS  THB    LONDON   BASIN   VSOM    ST.    ALBAN'S  TO   XNOOKBOLT.J 

{BuckUmdft  Bridgettatar  Treaiite^  pkUe  69.) 
1.  Bfurine  Band.    2.  London  ClaT  (almost  impermeable).    3.  PlasUe  Clay  and  Sand. 
4.  CLalk,  both  fuU  of  i 


The  rain-water  which  falls  between  a  and  A  on  the  one  hand,  and 
upon  the  plastic  clay  and  chalk  between  d  and  B  on  the  other,  sinks  into 
these  two  beds  and  rests  in  them  till  it  finds  an  escape.  It  cannot  rise 
through  the  great  thickness  of  impervious  clay  on  which  London  and  its 
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Deichborhood  stands,  unless  where  wells  are  sunk,  as  above  represented  at 


rs,  tbe  lowest  part  ( 
form  the  surface.  Hence  in  the  vale  of  tbe  Thames  at  it  it  rises  above 
the  surface,  and  forms  a  living  spring,  while  at  other  )>laces,  as  at  a,  c,  d, 
it  has  still  to  be  pumped  up  from  a  greater  or  less  depth.*  It  is  the  ex- 
istence of  water  beneath  the  surface  where  the  soils  rest  on  impermea- 
ble beds,  and  the  known  tendency  of  these  waters  to  rise  when  a  boring 
is  sunk  to  them,  that  have  given  rise  to  the  establishment  of  Artesian^ 
wells,  so  frequently  executed,  and  with  so  much  success,  in  recent  times. 
There  is  probably  no  geological  fact  that  promises  hereafter  to  be  of  more 
practical  value  to  mankind,  when  good  government  and  the  arts  of  peace 
shall  obtain  a  permanent  restinc-pTace  in  those  countries  where,  without 
irrigation,  the  soil  remains  hopelessly  barren.  Wherever  a  living  sprint 
bursts  out  in  the  sands  of  Arabia,  in  the  African  deserts,  or  in  the  parched 
plains  of  South  America,  an  island  of  perennial  verdure  delights  the 
eye  of  the  weary  traveller,  and  wherever  in  such  countries  the  labour 
of  man  has  been  expended  in  digging  wells,  and  in  raising  water  from 
them  for  artificial  irrigation,  the  same  beauty  and  fertility  always  ap- 
pear. It  has  recently  been  found  that  the  oases  of  Thebes  and  Garba, 
in  Upper  Egypt,  where  the  blown  sands  now  hold  a  scarcely  disputed 
dommion,  are  almost  riddUd  with  wells  sunk  by  the  ancient  Egyptians, 
but  for  the  greater  part  long  since  filled  up.  The  re-opening  of  such 
wells  might  restore  to  these  regions  their  long-lost  fertility,  as  the  sink- 
ing of  new  ones  by  our  easier  and  more  economical  methods  might  re- 
claim many  other  wide  tracts,  and  convert  them  to  the  use  of  man.  In 
contemplaung  what  man  may  do,  when  his  angry  passions  and  his  preju- 
dices do  not  interfere  with  the  exercise  of  his  natural  dominion  over 
dead  matter,  it  is  not  unreasonable  to  hope  that,  guided  by  such  indica- 
tions of  natural  science,  human  industry  may  hereafter,  by  slow  degrees, 
re-establish  its  power  in  lonf^eserted  regions  of  country,  spreading 
abundance  over  the  broad  wilderness,  staying  the  Arab*s  wandering  foot, 
and  fixing  his  household  in  a  permanent  and  plenteous  home. 

6°.  It  not  unfrequently  happens  that  alternate  lasers  of  sand  and  clay 
overspread  the  rocks  of  a  country,  and  act  in  arresting  or  in  thromnsroui 
the  surface  water  in  the  same  manner  as  the  solid  strata  beneath.  "JDhus 


*  In  Janaary  1840,  (here  were  stated  to  be  In  the  London  clay  upwards  of  200  such  wells, 
of  which  174  were  in  London,  and  of  which  latter  30  taken  together  were  known  to  yield  30 
mlUiona  of  gallons  weekly.  This  number  of  wells  has  since  been  increased,  ana  is  sUll 
iocreasinc.  The  borings  are  generally  carried  down  Into  the  chalk,  because  the  wcter  which 
ascends  from  the  plastic  clay  has  been  found  to  bring  with  it  much  sand,  which  both  ob- 
structs the  pipes  and  is  injurious  to  the  pumps. 

^  i^^^^^^*'  f'TODi  the  district  of  ArtoU,  in  Fnnce,  in  which  it  was  formerly  supposed  that 
such  borings  had  been  longest  or  most  ozteoaiTely  practised. 
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under  the  surface  A  B  here  represented,  alternate  layers  of  sand  and  clay 
overspread  the  inclined  beds  of  rock,  and  alone  i^ect  not  only  the  qual- 
ity but  the  state  of  dryness  also  of  the  soil. 

The  rain  which  falls  on  the  upper  bed  of  sand  will  sink  no  further 
than  the  first  bed  of  clay,  and  will  appear  as  a  spring,  or  will  form  a 
wet  band  along  the  side  of  the  hill,  at  a.  That  which  falls  or  exists 
in  the  second  bed  of  sand  will  in  like  manner  come  to  day  at  &,  c,  and 
d^  «,  filling  the  two  vallies  more  or  less  with  water,  and  forming  wet 
tracts  of  country  resting  upon  a  lower  bed  of  impervious  clay. 

In  endeavouring  to  form  a  satisfactory  opinbn  as  to  the  best  mode  of 
draining  a  piece  of  land,  it  is  of  great  importance  to  be  able  to  deter- 
mine not  only  the  immediate  natural  source  of  the  water  we  are  de- 
sirous to  remove,  but  also  the  probable  qttantity  it  may  be  necessary  to  car- 
ry oS,  and  the  permanence  or  the  supply.  It  is  well  known,  for  example, 
that  in  many  spots,  when  the  accumulated  waters  are  once  carried  ofi*, 
there  remains  only  a  small  and  probably  intermitting  supply,  for  which 
an  outlet  is  aflerwards  to  be  lefi  and  kept  open ;  while  in  other  localities 
a  constant  stream  of  water  is  seen  to  pass  along  the  drains.  In  connec- 
tion with  this  point  it  is  of  consequence  to  make  out  whether  the  water 
is  thrown  out  by  surface  clays,  as  in  this  latter  diagram,  or  flows  from 
among  the  solid  rocks  at  a  greater  or  less  depth— as  shown  in  the  pre* 
ceding  wood-cots.  That  which  is  thrown  out  by  beds  of  clay  is  in 
most  cases  derived  only  from  the  rains  that  fall,  and  is,  therefore,  liable 
to  intermit,  to  cease  altogether,  or  to  become  more  copious,  according  as 
the  season  b  dry  or  otherwise ;  while  that  which  escapes  from  a  bed 
of  rock,  being  independent  of  the  seasons,  will  seldom  vary  in  quantity. 
Thus  it  happens  that  where  surface  water  only  stagnates  in  the  soil  of  a 
district*  a  warm,  dry,  and  long  continued  summer  may  cause  it  to  yield  a 
crop  of  unusuid  excellence,  while  other  soils  fed  by  springs  from  be- 
neath may,  even  in  such  seasons,  still  retain  moisture  enough  to  render 
them  unfit  to  rear  and  ripen  a  profitable  crop  of  corn. 

7°.  There  remains  one  other  interesting  principle  connected  with  this 
•abject,  which  I  must  briefly  explain  to  you.    Let  C  and  D  in  the  ac- 


companying wood-cut  be  two  impervious  beds  through  which  the  water 
finds  no  escape,  and  from  which  the  rains  pass  off"  only  by  the  natural  in- 
clination of  the  ground,  and  let  £  be  a  porous  bed  from  which  the  water 
finds  a  ready  escape  somewhere  towards  the  right.  Then  if  a  boring  be 
sunk  through  C  and  D  in  any  part  of  this  tract  of  country,  the  water 
will  descend,  and  will  be  absorbed  by  the  bed  £.  Such  dr^r,  porous, 
or  absorbent  beds  exist  in  many  localities,  and  the  skilful  drainer  may 
occasionally  avail  himself  of  their  aid  in  easily  and  effectually  freeing 
land  from  water,  which  could  not  without  great  cost  be  permanently 
drained  by  any  other  method.  Where  water  collects  on  a  surface  rest- 
ing upon  chalk,  or  upon  the  loose  sands  benes^th  it,  this  method  of  boring 
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is  frequently  had  recourse  to  in  eome  of  our  southern  oountiee.  One 
danger,  however,  is  to  begaarded  against  in  trying  this  method,  that  the 
bore-rod,  namely,  may  enter  a  bed  which  is  full  of  water,  and  from 
which,  as  in  Artesian  wells,  it  may  readily,  and  in  considerable  quan- 
tity, ascend.  Such  a  boring  it  is  obvious  would  only  add  to  the  evil,  and 
might  render  necessary  a  longer  outlay  in  establbhing  an  efficient  sys- 
tem of  drainage  by  the  ordinary  method,  than  would  otherwise  have 
been  required.* 

I  do  not  enter  into  any  further  details  in  regard  to  thtf  application  of 
these  principles  to  the  pracHee  of  draining,  ^ing  satisfied  that  when 
you  have  once  mastered  the  principles  themselves,  the  applications 
will  readily  suggest  themselves  to  your  own  minds  when  circumstancea 
require  it. 

§  4.  Cf  ploughing  and  suhsoiling. 

I.  P/ou^Atn^.^-Apart  from  the  obvious  effect  of  ploughing  the  land, 
in  destroying  weeds  and  insects,  the  immediate  advantage  sought  fi»r 
by  the  farmer  is  the  reduction  of  his  soil  to  a  state  of  minute  division. 
In  this  state  it  is  not  only  more  pervious  to  the  roots  of  his  com,  but  it 
also  eives  a  more  ready  admission  to  the  air  and  to  water. 

,Or the  good  effects  produced  by  the  easy  descent  and  escape  of  water 
from  the  surface,  I  have  already  spoken  (p.  30j5),  but  the  permeability 
of  the  soil  to  air  is  no  less  useful  in  developing  its  natural  powers  of  pro- 
duction. How  important  the  presence  of  the  air  is  both  to  the  main- 
tenance of  animal  and  to  the  support  of  vegetable  life,  we  have  had 
frequent  occasion  to  observe.  By  its  oxygen  the  breathing  of  animals 
is  sustained,  and  by  its  carbonic  acid  the  living  plant  is  fed.  On  the 
earthy  particles,  of  which  the  soil  consists  also,  the  influence  of  thoM 
gaseous  substances,  though  not  so  visible  and  striking,  is  of  almost  equal 
consequence  in  the  economy  of  nature.  Among  other  immediate  bene- 
fits derived  from  the  free  access  of  air  into  the  soil,  we  may  enumeimte 
the  following  :— 

1®.  The  presence  of  oxygen  in  the  soil  is  necessary  to  the  healthy 
(germination  of  all  seeds  (Lee.  VII.),  and  it  is  chiefly  because  they  are 
placed  beyond  its  reach,  that  those  of  many  plants  remain  buried  for 
years  without  signs  of  life,  though  they  freely  sprout  when  again  brought 


*  It  wmetlaiM  btppens  that  In  iinUnff  in  old  well  d««pflr 
for  th«  puipoM  of  oDtatning  a  better  sapplT  of  water,  the 
origioal  aprings  diaappear  altogether.  Thui  la  owing  to  the 
occurrenoe  at  (hla  greater  depth,  of  an  obMrbetU  bed,  in 
In  which  the  water  diaappeara.  By  deaceoding  aUIl  Airther, 
a  aeeond  aapply  of  water  maj  oilen  be  found,  bat  which 
will  oatorallj  aaeend  no  IVirther  than  the  abeorbent  bed.  bj 
which  the  wliole  aupplj  will  be  drunk  up,  if  not  prevented  bj 
the  inaertion  of  a  metal  pipe.  Advantage  la  aomedmea 
taken  of  the  known  exiatenee  of  anch  abeorbent  •Cntta,  not 
only  for  the  porpoaea  of  draining,  but  alao  for  removing 
waate  water  of  varioua  klnda.  An  tntercating  example  or 
■uch  application  ia  to  be  aeen  at  0L  Denia,  in  the  Place  anz 
Gueldrea,  where  the  water  from  the  bed  /  at  Uie  depth  of 
200  feet  aacenda  throngh  the  Inner  tube  a— from  another  bed 
a.  at  160  feet,  through  the  tnbe  fr-H»hile  between  it  and  Uie 
outermoet  tube,  through  the  apace  e,  it  la  aent  down  again 
aner  it  hu  been  employed  in  waahlng  the  aquare,  and  dlaap* 
peara  In  Uie  abeorbent  atiatomd  ^^ 
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to  the  Burfsce  and  exposed  to  the  air.  We  have  also  seen  reason  tohelieve 
(Lee.  v.,  §  2),  that  the  roots  of  liYiog'plants  require  a  supply  of  oxygen 
in  order  that  tliey  may  be  maintain^  in  a  healthy  condition.  Such  a 
sopply  can  only  be  obtained  where  the  soil  is  sufficiently  open  to  per- 
mit the  free  circulation  of  the  air  among  its  pores. 

2<^.  In  the  presence  of  air  the  decomposition  of  the  vegetable  matter 
of  the  soil  proceeds  more  rapidly— -it  is  more  speedily  resolved  into  those 
simplerformsof  matter,carbonicacid  and  water  chiefly  (Lee.  VIIl.),which 
are  fitted  to  minister  to  the  growth  of  new  vegetable  races.  In  the  ab- 
sence of  the  air  also,  not  only  does  this  decomposition  proceed  more 
slowly,  but  the  substances  immediately  produced  by  it  are  fre({ueii|ly 
nawholesome  to  the  plant,  and  therefore  fitted  to  injure,  or  materially  to 
retard,  its  growth. 

3^.  When  the  oxygen  of  the  air  is  more  or  less  excluded,  the  vege- 
table matter  of  the  soil  takes  this  element  from  such  of  the  earthy  sub- 
stances as  it  is  capable  of  decomposing,  and  reduces  them  to  a  lower 
state  of  oxidation.  Thus  it  converts  the  red  or  jp«r-oxide  of  iron  into 
the  jprot-oxide  (Lee.  X.,  §  I),  and  it  aets  in  a  nmilar  manner  upon  the 
oxides  of  manganese.  It  also  takes  their  oxygen  from  the  sulphates 
(as  fiY>m  eypsum),  and  converts  them  into  sulphurets.  These  lower 
oscidesof  iron  and  manganese  are  injurious  to  vegetation,  and  it  is  one  of 
the  beneficial  purposes  served  by  turning  up  the  soil  in  ploughing,  orb^ 
otherwise  loosening  it  so  as  to  allow  the  fVee  admission  of  atmospheno 
air,  that  the  natural  production  of  these  oxides  is  either  in  a  great  mea- 
snre  prevented,  or  that  when  produced  they  speedily  become  harmless 
again  by  the  al>sorption  of  an  additional  dose  of  oxygen. 

4^.  Further,  there  are  few  soils  which  do  not  contain,  in  some  quab-' 
tity,  fragments  of  one  or  other  of  those  compound  mineral  substances  ol 
which,  in  a  previous  lecture,  (xii.,  p.  374),  we  have  seen  the  erystalline 
rocks  to  consist— of  hornblende,  of  mica,  of  felspar,  6cc,f  in  a  decom- 
posing state.  From  these  minerals,  as  they  decompose,  the  soil,  and 
therefore  the  plants  that  grow  in  it,  derive  new  supplies  of  several  of 
those  inorganic  substances  which  are  necessary  to  the  healthy 'nourish- 
ment of  cultivated  crops.  The  continued  decomposition  of  these  mine- 
ral fragments  is  aided  by  the  access  of  air,  and  near  its  surface,  in  an  es- 
pecial manner,  by  the  carbonic  acid  which  the  air  contains.  A  state  of 
porosity,  therefore,  or  a  frequent  exposure  to  the  air,  is  favourable  to  the 
growth  of  the  plant,  by  presenting  to  its  roots  a  larger  abundance  not 
only  of  organic  but  also  of  inorganic  food.  • 

5^.  Again,  that  production  of  ammonia  and  of  nitric  add  in  the  soil, 
to  which  I  drew  your  especial  attention  on  a  former  occasion  (LecVIII., 
§  5  dc  6),  as  apparently  of  so  much  consequence  to  vegetable  life,  takes 
place  more  rapidly,  and  in  larger  quantity,  the  more  frequently  the  land 
is  turned  by  the  plough,  broken  by  the  clod-crusher,  or  stirred  up  by  the 
harrow.  Whatever  amount  of  either  of  these  compounds,  also,  the 
surface  soil  is  capable  of  extracting  from  the  atmosphere,  the  entire 
quantity  thus  absorbed  will  evidently  be  greater,  and  its  distribution 
more  uniform,  the  more  completely  the  tohoU  soil  has  been  exposed  to 
its  influence.  It  is  for  this,  among  other  reasons,  that,  as  every  farmer 
knows,  the  better  he  can  plough  and  pulverise  his  land,  the  more  abuQ'« 
dant  in  general  are  the  crops  he  is  likely  to  reap. 
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6^.  Nor  lastly,  though  in  great  part  a  mechanical  benefit,  is  it  one  of 
little  moment  that  when  thus  every  where  pervious  to  the  air,  the  roots 
also  can  penetrate  the  soil  in  every  direction.  None  of  the  food  around  them 
is  shut  up  from  the  approach  of  their  numerous  fibres,  nor  are  they  pro- 
vented,  by  the  presence  of  no&ious  substances,  from  thrqwing  oul 
branches  in  every  direction.  A  deep  soil  is  not  absolutely  necessary  for 
the  production  of  valuable  crops.  A  well-pulverised  and  mellow  aoiU 
to  which  the  air  and  the  roots  have  every  where  ready  access,  will, 
though  shallow,  less  frequently  disappoint  the  hopes  of  the  husbandman, 
«-than  where  a  greater  depth  prevails,  less  permeable  to  the  air,  and 
therefore  less  wholesome  to  the  growing  roots. 

II.  Sttbsoil  Ploughing,'-^AnS  yet,  as  a  general  rule,  it  cannot  be  <)e- 
nied  that  a  deep  soil  is  greatly  superior  in  value  to  a  shallow  soil  of  the 
same  nature.  It  it  so  haih  to  the  owner  and  to  the  occupier,  though  in 
too  many  cases  the  available  qualities  of  deep  soils  have  hitherto  been 
more  or  less  overlooked  and  neglected. 

The  general  theoretical  principle  on  this  subject— that  the  deeper  the 
soil  the  longer  it  may  be  cropped  without  the  risk  of  exhaustion,  and  the 
sreater  the  variety  of  crops,  deep  as  well  as  shallow-rooted,  which  may 
be  gipwn  upon  it— is  so  reasonable  in  itself,  as  to  command  a  ready 
acquiescence.  But  a  soil  is  virtually  shallow  where  a  few  inches  of 
porous  earth,  often  turned  by  the  plough,  rest  upon  a  siU>soil,  hard,  stifi^ 
and  almost  impervious, — and  the  practical  farmer  will  rarely  be  williog 
to  allow  the  depth  of  the  latter  to  influence  his  opinion  in  regard  to  the 
general  value  of  the  land.  And  in  this  he  is  so  far  correct,  that  a  sub- 
soil must  be  dried,  opened  up,  mellowed  by  the  air,  and  rendered  at 
once  pervious  and  wholesome  to  the  roots  of  plants,  before  it  can  be 
made  available  for  the  growth  of  corn.  This  may  be  eflected,  <ifler 
draimng,  by  the  use  of  the  subsoil  plough,  an  instrument  at  present,  I  be- 
lieve, unequalled  for  giving  a  real,  practical,  and  money- value  to  stiff 
and  hitherto  almost  worthless  clayey  subsoils.  It  is  an  auxiliary  both 
to  the  surface  plough  and  to  the  dram,  and  the  soiuceof  its  efficacy  will 
appear  from  the  following  oonsiderations. 

1^.  The  surface  nlough  turns  over  and  loosens  the  soil  to  the  depth 
of  6  to  10  inches^-the  subsoil  ploogh  tears  open  and  loosens  it  to  a  fur- 
ther depth  of  8  or  10  inches.  Thus  the  water  obtains  a  more  easy  de- 
scent, and  the  air  penetrates,  and  the  roots  more  readily  make  their 
way  among  the  particles  of  the  under-soil.  So  far  it  is  an  auxiliary  to 
the  common  plough,  and  assists  it  in  aerating  and  mellowing  the  soil. 

2°.  But  though  it  opens  up  the  soil  for  a  time  to  a  greater  depth,  the 
subsoil  plough  will  in  most  cases  afibrd  no  permanent  cure  for  the  defi- 
ciencies of  the  subsoil,  if  unaided  by  the  drain.  If  the  soil  resu  upon 
an  indurated  substratum— upon  a  calcareous  or  ochrey  j7an— this  plough 
may  tear  it  up,  may  thus  allow  the  surface  water  to  sink,  and  may 
greatly  benefit  the  land ;  but  the  same  petrifying  action  will  again  recur, 
and  the  benefit  of  the  subsoiling  will  slowly  disappear.  Or,  if  the  sob- 
soil  contain  some  noxious  ingredients,  such  as  salu  of  iron,  which  the 
admission  of  air  is  fitted  to  render  harmless,  then  the  use  of  this  plough 
may  afford  a  partial  amelioration.  But  in  this  case,  also,  the  effect  will 
lie  only  temporary ;  since  the  source  of  the  evil  has  not  been  removed, 
the  same  noxious  compounds  will  again  be  naturally  produced,   or 
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will  again,  in  fresh  sojpplieS)  be  conyeyed  into  the  soil  by  springs.  Or, 
if  the  subsoil  be  a  stin  clay,  containing  no  noxions  ingredfient,  it  may  be 
GUtf  or  for  the  time  torn  asunder,  but  scarcely  will  the  plough  nave 
passed  oTer  it  till  the  particles  wUl  be  again  cemented  together,  and  pio« 
bably,  by  the  end  of  a  single  season  at  the  furthest,  the  under-soil  may 
be  as  solid  and  impermeable  as  erer. 

It  is  as  the  follower  of  the  drain,  therefore,  in  the  conrse  of  improve- 
ment, that  the  subsoil  plough  finds  its  most  beneficial  and  most  economi- 
cal use.  AHer  land  has  been  drained,  the  water  may  still  too  slowly 
pass  away,  or  the  air  may  have  too  imperfect  an  entrance  into  the  sub- 
soil from  which  the  drains  have  removed  the  water.  In  the  former  case, 
the  subsoil  plough  must  be  employed,  in  order  that  the  drains  may  be- 
come fully  efficient ;  in  the  latter,  that  the  nnder-layers  may  be  opened 
up  to  all  the  beneficial  influences  which  the  atmosphere  is  fitted  to  exert 
upon  them.  In  this  respect  it  is  an  auxiliary  to  the  drain.  But  as  the 
full  efl^t  which  the  subsoil  plough  is  capable  of  producing  upon  stiflT 
and  clayey  subsoils,  can  only  be  obtained  afier  they  have  been  brought 
to  such  a  state  of  dryness  that  the  sides  of  the  cut  or  tear,  which  the 
ploueh  has  made,  will  not  again  readily  cohere,  it  is  of  importance  that 
the  drains  should  be  allowed  a  considerable  time  to  operate  before  the 
use  of  this  plough  is  attempted.  The  expense  of  the  process  is  compa- 
ratively great,  and  this  expense  will  be  in  a  great  measure  thrown  away 
upon  clay  lands,  which  are  undrained,  or  from  which  the  water,  either 
through  defective  draining,  or  from  the  want  of  sufficient  time,  has  not 
been  able  fully  to  flow  away.  There  are  few  kinds  of  cl&y  land  on 
which  the  judicious  use  of  this  valuable  instrument  will  not  prove  both 
actually  and  tconondcally  useful,  though  from  the  neglect  of  the  above 
necessary  precaution,  it'has  been  found  to  fail  in  the  hands  of  some. 
Such  fiulures,  however,  do  not  justify  us  in  ascribing  to  some  fancied 
defect  in  the  instrument,  or  in  the  theory  upon  which  its  use  is  recom- 
mended, what  necessarily  arose,  and  could  have  been  predicted,  from 
our  own  neglect  of  an  indispensable  preliminaiy  observation.  The  san- 
guine anticipations  of  its  inventor,  Mr.  Smith,  of  Deanston.  may  not 
be  fully  realized,  yet  the  value  of  the  subsoil  plough  itself,  and  the  bene- 
fits it  is  fitted  to  confer,  when  rightly  used,  appear  to  me  to  be  both  theo- 
xetically  and  practically  established. 

§  5.     Cy  deep-ploughing  and  trenching. 

Beep-ploughing  and  trenching  difier  from  ordinary  and  snbsoil 
ploaMof  in  this,<^-that  their  special  object  is  to  bring  to  toe  surface  and 
to  mix  with  the  upper-soil  a  portion  of  that  which  has  lain  long  at  a 
considerable  depth,  and  has  been  more  or  less  undisturbed.    , 

The  benefit  of  such  an  admixture  of  fresh  soil  is  in  many  lo- 
calities undoubted,  while  in  others  the  practical  farmer  is  decidedly 
opposed  to  it.  On  what  principle  does  its  beneficial  action  depend, 
and  in  what  circumstances  is  it,  likely  to  be  attended  with  disad- 
vantage  ? 

1^.  It  is  known  that  when  a  heavy  shower  of  rain  falls  it  sinks  into 
the  soil,  and  carries  down  with  it  such  readily  soluble  substances  as  it 
meets  with  on  the  surface.    But  other  substances  also,  which  are  more 
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sparingly  tduble,  slowly  and  gradaaliy  find  iheir  way  into  the  sabtoil, 
and  there  more  or  less  permanently  remain.  Among  these  may  be  reck- 
oned gypsum,  and  especially  those  silicates  of  potash  and  soda  already 
spoken  of  (Lec.X.),  as  apparently  so  useful  tooorn-ffrowing  plants.  Such 
substances  as  these  naturally  accumulate  beyond  the  reach  of  the  ordi- 
nary plough.  Insoluble  substances  likewise  slowly  sink.  This  is  well 
known  to  be  the  case  with  lime,  when  laid  upon  or  ploughed  into 
the  land.  So  it  is  with  clay,  when  mixed  with  a  surface  soil  of  sand  or 
peat.  They  all  descend  till  they  get  beyond  the  reach  of  the  common 
plough — and  more  rapidly  it  is  said  (in  Lincolnshire)  when  the  land  ia 
laid  down  to  i^rass,  than  when  they  are  constantly  brought  to  the  surface 
again  in  arable  culture.  Thus  it  happens  that  after  the  surface  smi  be- 
comes exhausted  of  one  or  other  of  those  inorganic  compounds  which  the 
crops  require,  an  ample  supply  of  it  may  be  still  present  in  the  subaoilv 
though,  until  turned  up,  unavailable  for  the  promotion  of  vegetable  growth. 

There  can  be  little  question,  I  think,  that  the  greater  success  which 
attends  the  introduction  of  new  implements  in  the  hands  of  better  in- 
structed men,  upon  farms  long  held  in  arable  culture,  is  to  be  ascribed 
in  part  to  this  cause.  One  tenant,  during  a  long  lease,  has  been  in  the 
habit  of  ploughing  to  a  depth  of  three,  or  at  most,  perhaps,  of  foar 
inches — and  from  this  surface  the  crops  he  has  planted  have  derived  their 
chief  supplies  of  inorganic  food.  He  has  limed  his  land  in  the  cus- 
tomary manner,  and  has  laid  upon  it  all  the  mannre  he  could  raise,  bat 
his  crops  have  been  usually  indifierent,  and  he  considers  the  land  of  com- 
paratively little  value.  But  another  tenant  comes,  and  with  better  im- 
plements turns  up  the  land  to  a  depth  of  7  or  8  inches.  He  thus  brings 
10  the  surface  the  lime  and  the  accumulated  manures  which  have  nolii- 
raUy  sunk,  and  which  his  predecessor  had  permitted  year  after  year  to 
bury  themselves  in  his  subsoil.  He  thus  has  a  new,  often  a  rich,  and 
almost  always  a  virgin  soil  to  work  upon— one  which  from  being  long  bu- 
ried, may  require  a  winter's  exposure  and  mellowing  in  the  air,  but 
which  in  most  cases  is  sure  to  repay  him  for  any  extra  cost.  The  tieep 
ploughing  which  descends  to  14  incoes,  or  the  trenching  which  brings  up 
a  new  soil  from  the  depth  of  20  or  30  inches,  is  only  an  extension  of  the 
same  practice.  It  is  justified  and  recommended  upon  precisely  the 
same  principle.  It  not  only  brings  a  new  soil,  containing  ample  nour** 
ishment,  to  the  immediate  roou  of  plants,  but  it  aflbrds  them  also  a 
deeper  and  more  open  subsoil,  through  which  their  fibres  may  proceed  in 
every  direction  in  search  of  food.  The  full  benefits  of  this  deepening  of 
the  soil,  however,  can  only  be  expected  where  the  subsoil  has  previously 
been  laid  dry  by  drains ;  for  it  matters  not  how  deep  the  loosened  and 
permeable  soils  may  be,  if  the  accumulation  of  water  prevent  the  roots 
from  descending. 

2^.  Two  practical  observations,  however,  may  here  be  added,  which 
the  intelligent  farmer  will  always  weigh  well  before  he  hastily  applies 
this  theoretical  principle— ^sound  though  it  undoubtedly  be— in  a  district 
with  which  he  has  no  previous  acquaintance.  It  is  possible  that  the 
deeper  soil  may  contain  some  substance  decidedly  noxious  to  vegetation. 
In  such  a  case  it  would  be  improper  at  once  to  mix  it  with  the  upper 
soil.  Qood  drains  must  be  established,  they  must  be  allowed  some  time 
to  act,  and  the  subsoil  plough  will  be  used  with  advantage,  before  any 
portion  of  such  an  under-soUcan  be  safely  brought  to  the  surface.     The 
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sabsoil  ploagh  and  the  drain,  indeed,  as  I  have  already  nnientioned,  are 
the  moet  certain  available  remedies  for  soch  a  state  of  the  subsoil.  In 
many  localities,  however,  the  exposure  of  such  an  under-soil  to  a  winter's 
frost,  or  to  a  snmmer  fallow,  will  so  far  improve  and  mellow  it,  as  to  ren- 
der it  capable  of  being  safely  mixed  with  the  surface  soil.  Unless,  how- 
ever, this  meUowing  be  effected  at  once,  and  before  admixture,  a  long 
time  may  elapse  ere  the  entire  soil  attain  to  its  most  perfect  condition.* 
Again,  it  la  known  that  some  districts,  for  reasons  perhaps  not  well  un- 
dersuwd,  are  more  infested  than  others  with  insects  that  attack  the  com 
or  other  crops.  These  insects,  their  eggs,  or  their  larvn,  generally  bury 
themselves  in  the  undisturbed  soil,  immediately  beyond  the  oHioary 
reach  of  the  plough.  If  they  remain  wholly  undisturbed  during  the 
preparation  of  the  soil,  some  species  remaid  in  a  dormant  state,  and  the 
subeequent  crop  may  in  a  ^at  measure  escape.  Plough  the  land  deep- 
er than  usual,  and  you  bring  them  all  to  the  surface.  Do  this  in  the 
aatnmn,  and  leave  your  land  unsown,  and  the  frost  of  a  severe  winter 
may  kill  the  greater  part,  so  that  your  crops  may  thereafter  grow  in  safety. 
But  cover  them  up  again  along  with  your  winter  com,  or  let  this 
deep  ploughing  be  done  in  the  spring,  and  you  bring  all  these  insects 
within  reach  of  the  early  sun,  and  thus  call  them  to  life  in  such  num- 
bers as  almost  to  ensure  the  destruction  of  your  coming  crop.  It  is  to 
something  of  this  kind  that  I  am  inclined  to  attribute  the  immediate  fail- 
ures which  have  attended  the  trial  of  deep  ploughing  in  certain  parts  of 
£ngland.  Thus  in  Berkshire,  certain  soils  which  are  usnaliy  ploughed 
to  a  depth  of  only  /too  inches,  yielded  almost  nothing  when  deeper  plough* 
ing  was  more  lately  tried  upon  ttiem-^he  crop  was  almost  entirely  de- 
strayed  by  insects.  So  also  in  the  north  or  Yorkshire,  where  deep 
ploughing  has  recently  been  attempted,  the  wheat  crop  on  land  so  treated 
was  observed  to  suffer  more  from  the  worm  than  on  any  other  spot. 
Such  facts  as  these,  therefore,  show  the  necessity  of  caution  on  the  part 
of  the  practical  man,  and  especially  of  the  land  agent  or  steward,  how- 
ever correct  may  be  the  principles  en  which  his  general  practice  is 
finnided.  Failures  soch  as  the  above  do  not  show  the  principle  on  which 
deep  plonehing  is  recommended  to  be  false,  or  the  practice  to  be  in  any 
case  reprehended :  bat  it  does  show  that  a  knowledge  of  natural  locu 
peculiarities,  and  some  study  of  ancient  local  practice,  may,  in  an  im- 
portant degree,  influence  our  mode  of  procedure  in  introducing  more 
impvoved  methods  of  husbandry  into  any  old  agricultural  district. 

§  6.  Improvement  of  ihe  $<nlhy  mixing,   . 
There  are  some  soils  so  obviously  defective  in  constitution,  that  the 
most  common  observer  can  at  once  pronounce  them  likely  to  be  improved 
by  mechanical  admixtures  of  various  kinds.    Thus  peaty  soils  abound 

The Maraais  of  Tweedale,  In  hU  bomefarm  at Yeatars,  has  nlaed  hia  land  la valQa 
It  timea  (from  6a.  to  40b.  per  acreX  by  draining  and  deep  ploughing.  Afler  draining,  the 
Is  of  atiff  elaj,  with  streaka  of  aaad  fci  the  aobaoll,  are  turned  over  to  a  depth  of  12  or  14 
ioebes,  by  two  pbqgha  (two  honea  each)  following  one  another,  the  under  6  Inchea  being 
thrown  on  the  top.  In  thla  stale  It  la  leA  to  the  winter's  froat,  when  it  falla  to  a  yellow  marly 
lookliif  aolL  It  la  now  ploughed  i«ain  to  a  depth  of  «  or  10  inchea,  by  whieh  half 
Ihe  orlgtaal  aoll  la  brougnt  again  to  the  aarface.  By  a  croaa  ploughing  thia  la  mixed  with 
the  new  aoil^aAer  which  tiie  field  la  prepared  in  the  usual  way  for  turnipa.  But  it  la  obserred 
that  If  theploQghIng  haa  been  so  late  that  the  subsoil  has  nol  had  a  proper  exposure  (o  the 
wiaier'aooiil,  the  land  on  each  apou  does  not  for  many  yean  equal  that  which  was  earlier 
ploufhed.  The  reason  la,  that  when  once  mixed  up  with  the  other  soil  the  air  has  no  longer 
the  snme  easy  aecesa  Uito  ita  pores. 
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too  much  in  vegetable  matter;  a  mixture  of  earthy  substaDces,  there- 
fore, of  almost  any  common  kind,  is  readily  indicated  as  a  means  of  im- 
provement. In  like  manner  we  naturally  impart  consistence  to  a  sandy 
soil  by  an  admixture  of  clay,  and  openness  and  porosity  to  stiff  clays  by 
the  addition  of  sand. 
The  first  and  obvious  effect  of  such  additions  is  to  alter  the  physical 

aualities  of  the  soil — to  consolidate  the  peats  and  sands,  and  to  loosen 
le  clays.  But  we  have  already  seen  tnat  the  fertility  of  a  soil,  or  its 
power  of  producing  a  profitable  return  of  this  or  that  crop,  depends  in 
the  first  place  on  its  chemical  constitution.  It  must  contain  in  sufficient 
abundance  all  the  inorganic  substances  which  that  crop  requires  for 
its  daily  food.  Where  this  is  already  the  case,  as  in  a  rich  stiff  clay,  a 
decided  improvement  ma/  be  produced  by  an  admixture  with  siliceous 
sand,  which  merely  separates  the  particles  mechanically,  and  renders 
the  whole  more  porous.  But  let  the  clay  be  deficient  in  some  necessary 
constituent  of  a  fertile  soil,  and  such  an  addition  of  siliceous  sand  would 
not  produce  by  any  means  an  equal  benefit.  It  may  be  proper  to  add 
this  sand  with  the  view  of  producing  the  mere  physical  alteration,  but 
we  must  add  some  other  substance  itlso  for  the  purpose  of  producing  the 
necessary  chemical  change. 

The  g^od  effects  which  almost  invariably  follow  from  the  addition  of 
clay  to  peaty  or  sandy  soils  are  due  to  the  production  at  one  and  the  same 
time  of  a  pbysiotd  and  of  a  chemical  change.  They  are  not  only  ren- 
dered finner  or  more  solid  by  the  admixture  of  clay,  but  they  derive 
from  this  clay  at  the  same  time  some  of  those  mineral  substances  which 
they  previously  contained  in  less  abiihdance. 

'the  addition  of  marl  to  the  land  acts  oflen  in  a  similar  two-fold  capa- 
city. It  renders  clay  lands  more  open  and  friable,  and  to  all  scnls  brings 
an  addition  of  carbonate,  and  generally  of  phosphate  of  lime,  both  of 
which  are  proved  by  experience  to  be  not  only  very  influential,  but  to  be 
absolutely  necessary  to  healthy  vegetation. 

That  much  benefit  to  the  land  would  in  many  instances  accrue  fiom 
such  simple  admixtures  as  those  above  adverted  to,  where  the  means 
are  available,  will  be  readily  granted.  The  only  question  on  the  sub- 
ject that  ought  to  arise  in  the  mind  of  a  prudent  man,  is  that  which  is 
connected  with  the  economy  of  the  case.  Is  this  the  most  profitable  way 
in  which  I  can  spend  my  money  ?  Can  I  employ  the  spare  labour  of 
my  men  and  horses  in  any  other  way  which  will  yield  me  a  larger 
return  ?  It  is  obvious  that  the  answer  to  these  questions  will  be  m(Mi- 
fied  by  the  circumstances  of  the  district  in  which  he  lives.  It  may  be 
more  profitable  to  drain,— or  labour  may  be  in  great  reouest  and  at  a 
high  premium,— -or  a  larger  return  may  be  obtained  by  the  investment 
of  money  in  purchasing  new  than  in  improving  old  lands.  It  is  ouite 
true  that  the  country  at  large  is  no  gainer  by  the  mere  transfer  of  land 
from  the  hands  of  A  to  those  of  B,  and  that  he  is  undoubtedly  the  most 
meritorious  citizen  who,  by  expending  his  money  in  improving  the  soil, 
virtually  adds  to  the  breadth  of  the  land,  in  causing  it  to  yield  a  larger 
produce.  Yet  it  is  no  less  true  that  the  employment  of  individual  capi- 
tal iu  such  improvement  is  not  to  be  expected  generally  to  take  place, 
unless  it  be  made  to  appear  that  such  an  investment  is  likely  to  be  as 
profitable  as  any  other  within  the  reach  of  its  possessor.    It  seems  to  be 
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established  beyond  a  doubt  that  in  very  many  districts  no  money  is  more 
profitably  invested,  or  yields  a  quicker  return,  than  that  which  is  ex- 
pended in  draining  and  subsoiling^and  yet  in  reality  one  main  obstacle 
to  a  more  rapid  increase  in  the  general  produce  of  the  British  soil  is  the 
practical  difficulty  which  exists  in  convincing  the  owners  and  occupiers 
of  the  soil  that  such  is  the  case,  or  would  be  the  case,  in  regard  to  their 
own  holdings.  The  more  widely  a  knowledge  of  the  entire  subject,  in 
all  its  bearings,  becomes  diffused,  the  less  it  is  to  be  hoped  will  this  diffi- 
culty beoome— ^or  the  economist,  who  regards  the  question  of  improve- 
ment as  a  mere  matter  of  profit  and  loss,  cannot  strike  a  feir  balance 
unless  he  knows  the  several  items  he  may  prudently  introduce  into  each 
aide  of  his  account. 

Thus  in  reference  to  the  special  point  now  before  us,  it  seems  reason- 
able to  believe  that,  in  a  country  such  as  that  here  represented,  where 
alternate  hills  of  sand  (3),  and  hollows,  and  flats  of  clay  (4)  occur,  there 


may  be  many  spots  where  both  kinds  of  soil — ^being  near  each  other — 
might  be  improved  by  mutual  admixture,  at  a  cost  of  labour  which  the 
alteration  in  the  quality  of  the  land  might  be  well  expected  to  repay. 
In  this  condition  is  a  considerable  portion  of  the  eastern  half  of  the 
county  of  Durham,  and,  especially,  1  may  mention  the  neighbourhood 
of  Castle  Eden,  where  a  cold,  stifiT,  at  present  oflen  poor  clay  rests  upon 
red,  rich-looking,  loamy  sand,  in  many  places  easily  accessible,  and  by 
admixture  with  which  its  agricultural  capabilities  may  be  expected  to 
improve.  In  this  locality,  and  in  many  others  besides,  those  having  a 
pecuniary  interest  in  the  land  rest  satisned  that  their  fields  are  incapable 
of  such  improvement,  or  would  give  no  adequate  return  for  the  outlay 
required,  without  troubling  themselves  to  collect  and  compare  all  the 
facta  from  which  a  true  solution  of  the  question  can  alone  be  drawn. 

Besides  such  eeneral  admixtures  for  the  improvement  of  land,  the 
geological  formation  of  certain  districts  places  within  the  reach  of  its  in- 
telligent farmers  meansof  improvement  of  a  special  kind,  of  which  they 
may  often  profitably  avail  themselves.  Thus  both  in  Europe  and  Ame- 
rica the  green-sand  soils  (Lee.  XI.,  §  8,)  are  found  to  be  very  fertile,  and 
the  sandy  portions  of  this  formation  are  often  within  easy  distance  of  the 
StifiT  clays  of  the  gault,  and  of  the  poor  soils  of  the  chalk,  with  either  of 
which  they  might  be  mixed  with  most  beneficial  effects.  The  soils  that 
rest  on  the  new,  and  even  on  some  parts  of  the  old  red  sand-stone,  are 
in  like  manner  often  within  an  available  distance  of  beds  of  red  marl  of 
a  very  fertilizing  character  (Lee.  XL,  §  8),  while  in  the  granitic  and  trap 
districts  the  materials  of  which  these  rocks  consist,  if  mixed  with  judg- 
ment, may  be  made  materially  to  benefit  some  of  the  neighbouring  soib. 
To  this]point,  however,  I  shall  draw  your  attention  again  m  my  next  lec- 
ture, when  treating  of  mineral  manures. 
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Thb  mechanical  methods  of  improviDf  the  soil,  described  in  the  pre- 
ceding section,  are  few  in  number  and  simple  in  tbeoiy.  They  are  so 
important,  however,  to  the  general  fertility  of  the  land,  that  were  they 
judiciously  employed  over  the  entire  surface  of  our  islands,  the^  would 
alone  greatly  increase  the  average  produce  of  the  British  and  Irish  soils. 
J  may,  indeed,  repeat  what  was  stated  in  reference  to  draininc  (p.  309), 
that  tLe  full  efiect  of  every  other  means  of  improving  the  soil  will  be 
obtained  in  those  districts  only  where  these  mechanical  methods  have 
already  been  had  recourse  to. 

The  chemical  methods  of  improving  the  soil  are  founded  upon  the 
followinfi;  principlA,  already  discussed  and  established : — 

1°.  That  plants  obtain  from  a  fertile  soil  a  variable  proportion  of  their 
organic  food  ;«-of  their  nitrogen  probably  the  greatest  part. 

2°.  That  they  require  inorganic  food  also  of  various  kinds,  and  that 
this  they  procure  solely  from  the  soil. 

3°.  That  difierent  species  of  plants  require  a  special  supply  of  dif- 
ferent kinds  of  inorganic  food,  or  of  the  same  kinds,  in  difierent  pro- 
portions. 

4°.  That  of  these  inorganic  substances  one  soil  may  abound  or  be 
deficient  in  one,  and  another  soil  in  another ;  and  that,  therefore,  this  or 
that  plant  will  prefer  to  grow  on  the  one  or  the  other  accordingly. 

On  these  few  principles  the  whole  an  of  improving  the  soil  by  che- 
|:iical  means — ^in  other  words,  of  beneficially  manuring  the  soil— is 
founded. 

It  must  at  the  same  time  be  borne  in  mind,  that  there  are  three  dis- 
tinct methods  of  operation  by  which  a  soil  may  be  improved  :— 

1°.  By  removing  from  it  some  noxious  ingredient.  The  only  method 
by  which  this  can  be  effected  is  by  draining,-»providing  an  outlet  by 
which  it  may  escape,  or  by  which  the  rains  of  heaven,  or  water  applied 
in  artificial  irrigation,  may  wash  it  away. 

2°.  By  changing  the  nature  or  state  of  combination  of  some  noxious 
ingredienti  which  we  cannot  soon  remove  in  this  way ;  or  of  some  inert 
ingredient  which,  in  its  existing  condition,,  is  unfit  to  become  food  for 
plants.  These  are  purely  chemical  processes,  and  we  put  them  re- 
spectively in  practice  when  we  add  lime  to  pea^  soils,  or  to  such  as 
abound  in  sulphate  of  iron  (Lee.  X.,  §  1),  when  by  admitiinf  the  air 
into  the  subsoil  we  change  the  prot-oxide  into  the  per-oxide  of  iron,  or 
when  by  addine  certain  known  chemical  compounds  we  produce  simi- 
lar beneficial  chemical  alterations  upon  other  compounds  already  exist- 
ing in  the  soil. 
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3<>.  By  adding  to  the  soil  those  sobstaoces  which  are  fitted  to  bccsme 
the  food  of  plants.  This  is  what  we  do  in  strictly  manuring  the  soil— - 
thoogh  we  are  as  yet  unable  in  many  cases  to  sav  whether  that  which 
we  add  promotes  vegetation  by  actually  feeding  the  plant  and  entering 
into  its  sabstanoe— or  only  by  preparing  food  for  it.  There  is  reason  to 
believe,  however,  that  many  substances,  such  as  potash,  soda,  &c.,  act 
in  several  capacities, — now  preparing  food  for  the  plant  in  the  soil,  now 
bearing  it  into  the  living  circulation,  and  now  actually  entering  into  the 
perfect  substance  of  the  growing  vegetable.  In  order  to  steer  clear  of 
the  diifficulty  which  this  circumstance  throws  in  the  way  of  an  exact 
classification  of  the  chemical  substances  applied  to  the  soil,  I  shall  con- 
aider  generally  under  the  name  of  manuresy  all  tho9c  9ub»tance8  which 
are  usually  applied  to  the  land  for  the  purpose  of  promoting  vegetable 
jmu^ ;— whether  those  substances  be  supposed  to  do  so  directly  by 
feeding  the  plants,  or  only  indirectly,  by  preparing  their  food,  or  by  con- 
veying it  into  their  circulation. 

Manures,  then,  in  this  sense,  are  either  simple,  like  common  salt 
and  nitrate  of  soda,  or  they  are  mixed,  like  farm-yard  manure  and  the 
numerous  artificial  manures  now  on  sale.  Or,  again,  they  consiit  of 
substances  of  mineral,  of  vegetable,  or  of  animal  origin.  The  latter  is 
the  more  natural,  and  is  by  far  the  most  useful,  classification.  We 
shall,  therefore,  consider  the  various  substances  employed  in  improving 
the  soil-— or  what  is  in  substance  the  same  thing,  in  promoting  vegetation, 
—-in  the  following  order  :— 

1?.  JiiGneral  monuretfr-includin^  those  substances,  whether  simple  or 
mixed,  which  are  of  mineral  origin,  or  which  consbt  entirely  of  inor- 
ganic or  mineral  mattor.  Under  this  head  the  use  of  lime  and  of  the 
ashes  of  plants  will  fall  to  be  considered. 

2^»  Vegetable  mafti«re«.—- These  are  all  of  natural  origin,  and  are  all 
mixtures  of  organic  and  inorganic  matter. 

3^.  Animal  manwree^  which  are  alao  mixtures,  but,  owing  to  their  im- 
mediate origin,  differ  remarkably  in  constitution  liom  vegetable  sub- 
stances. 

§  1.  Q/*  mineral  manuree. 

Mineral  maanres  may  be  conveniently  considered  under  the  two  heads 
of  saline  and  earthy  manures. 

A.— SALINE  MANURES. 

1?.  Carbonate  of  potaeh^-^Thva  substance,  in  the  form  either  of  crude 
potash  or  of  the  pearl-ash  of  the  shops,  has  hitherto  been  considered  too 
high  in  price  to  admit  of  its  extensive  application  in  the  culture  of  the 
land. 

2**.  Carbonate  of  soda. — This  remark,  however,  does  not  apply  to 
the  carbonate  of  soda  (common  soda  of  the  shops),  which  is  sufficiently 
low  in  price  (o£ll.  a  ton)  to  allow  of  its  being  applied  with  advantage 
under  many  circumstances.  In  the  case  of  grass-lands,  which  are  over- 
run with  moss— of  such  as  abound  largely  in  vegetable  matter  or  in 
noxious  sulphate  of  iron— a  weak  solution  applied  with  a  water-cart 
might  be  expected  to  produce  good  results.  It  miffht  be  applied  in  the 
same  way  to  fields  of  spro&ting  com,  or  in  fine  powder  as  a  top-dressing 
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ia  moitt  weather— and  geaeially  wheiefrer  wood  aihes  mt  huad  \ 
to  yegetatioQ. 

Many  experimentB  hare  shown  fSbmi  both  of  these  snhstanees  may  ba 
employed  in  the  field  with  advantage  to  the  growing  crop— hot  funher 
trials  are  necessary  to  show  how  fiir  the  practical  fanner  may  saftly  naa 
them  with  the  hope  of  profit.  In  aardening  they  greatly  hasten  the 
growth  and  increase  the  produce  of  the  strawberry,*  and  in  garden  cal* 
ture,  generally,  where  the  cost  of  the  manure  employed  is  of  kss  ooii- 
seouence,  more  extended  trials  would,  no  doubt,  lead  to  useful  results. 

The  quantity  of  these  substances  which  ought  to  be  applied  to  onr 
fields,  in  order  to  produce  the  beneficial  effect  wbich  theory  and  praetiee 
both  lead  us  to  expect,  will  depend  much  upon  the  nature  of  the  soil  ia 
each  locality  and  on  the  kind  of  mannrini^  to  which  it  has  previeuslT 
been  subjected.  By  referring  to  our  previous  calculations  (Lee.  X.,  9 
3),  it  will  be  seen  that  upwards  of  800  lbs.  of  these  carbonatesf  would 
be  necessary  to  replace  all  that  is  extracted  from  the  soil  by  the  entire 
crops  during  a  four  yean'  rotation.  But  in  good  husbandry  every  thing 
is  returned  to  the  sou  in  the  form  of  manure  which  is  not  actually  sent 
to  market  and  sold  for  money.  That  is— the  grain  only  of  the  com 
crops,  the  dairy  produce,  and  the  live  stock,  are  carried  off  the  land4 
Less  tlian  40  lbs.  per  acre  of  the  mixed  carbonates  would  replace  all  that 
is  contained  in  the  grain,  and  if  we  suppose  as  much  to  be  present  in  the 
other  produce  sold,  we  have  80  lbs.  for  the  quantity  necessary  to  be  re* 
stored  to  the  land  by  the  aood  husbandman  every  four  yean,  m  order  to 
keep  his  farm  permanently  in  the  sameconcKtion.  There  are,  however, 
in  most  soils,  certain  natural  sources  of  supply  (Lee.  X.,  $  I),  by  which 
new  portions  of  these  alkalies  are  continually  conveyed  to  them.  Uenoo 
it  is  seldom  necessary  to  add  to  the  land  as  much  of  these  substances  aa 
we  carry  off;  and  therefore  from  40  to  60  lbs.  per  acre,  of  either  of 
them,  may  be  considered  as  about  the  largest  quantity  which,  tn  a  well* 
managed  farm,  need  be  added  in  order  to  give  a  fair  trial  to  their  agri* 
cultural  value.  Half  a  cwt.  of  the  potash  will  cost  less  than  15s.,  and 
of  the  soda  less  than  68.,  or  of  a  mixture,  in  equal  quantities,  less  than 
21s.  at  their  present  prices. 

Theory  of  the  action  of  potash  and  soda* 

But  upon  what  theoretical  eronnds  is  the  beneficial  action  of  potash 
and  soda  upon  vegetation  explained  ?  This  question,  to  which  i  have 
already  more  than  once  drawn  your  attention  (Lee.  V.,  {  2,  and  IX., 
§  4),  it  will  be  proper  here  briefly  to  consider. 

a.  The  first  and  most  obvious  purpose,  served  by  the  presence  of  these 
alkalies  in  the  soil,  is  that  of  yielding  readily  to  the  grcming  plant  such 
a  full  supply  of  each  as  may  be  essential  to  its  healthy  erowth.  If  the 
roots  can  collect  them  from  the  soil  slowly  only,  and  with  difficulty,  the 
growth  of  the  plant  will  necessarily  be  retarded ;  while  in  situations 
where  they  naturally  abound,  or  are  artificially  supplied,  the  crops  will 

*  Mr.  Flemlnff,  of  Barochan,  ha*  tnfonned  me  that  be  foond  thia  to  be  the  osae  vrtth  the 
>D  poiaan ;  aod  Mr.  Campbell,  of  lalaT,  with  the  common  aoda  of  Uie  abopa.  lliey 
be  applied  earlj  in  the  •prioff,  and  in  the  atate  of  a  werj  weak  aolotion.  Wood* 
roold  probably  produce  a  afmilareflbcL 

1 390  iba.  of  dry  pearl  aab  and  440  Iba.  orci7a(alUMd  carbonale  of  aoda. 


t  In  bad  Imsbendry  mach  more  ia  carried  off  the  land  by  the  waate  of  liqald  and  other 
« — -.  _^^,  jl,^  ■occeedlof  cbapcer,  •*  On  amimal  fnomirea." 


POTASH  AZf»  •OBA  PEEPAEB  THS  FOOi>  OP  PIiANTS.  32g 

fli  ceciKuiljr  prove  both  more  eoriy  and  moro  abundoBU— provided  no 
ocher  eteentiai  food  be  deficient  in  the  soil. 

lo  refeieote  to  this  DMe  of  action  It  will  ocenr  to  yoa  that  potash  is 
the  more  likely  of  the^o  to  be  ben^dal  to  oar  cttltivated  crops,  iaao- 
miicfa  as  the  ash  of  tbbse  plaats  which  are  raised  for  food  is  j^eneraUy 
miich  more  rich  in  potasAi  than  in  soda.*  But  this  may  possibly  arise 
from  the  more  abaiidant  presence  of  potash  in  the  soil  generally,  sinoe 
some  chemist»^re  of  o|iioion  that  soda  may  take  the  place  of  potissh  in 
the  interior  of  plants,  wUhmU  nuUerially  effecting  their  growth,  f  Thk 
hypothesKB,  whatever  may  be  its  theoretical  value,  will  prove  useful  to 
practical  agricaltore  if  it  lead  to  experiments  from  whicn  the  relative 
action  of  each  of  these  carbonates,  in  the  same  cireomstances,  may  be 
deduced,— and  the  epecific  influence  of  each,  in  momoting  the  growth  of 
particular  plants,  in  some  degree  determined.  Potash  (or  wood-ashes) 
aids  the  growth  of  com  aAer  turnips  or  potatoes  (Lampadius)— would 
soda  do  the  same?  Carbonate  of  soda  assists  in  a  remarkable  manner 
the  growth  of  bock-wheat  (Sprengel)— would  the  same  good  efiects  M* 
low  from  the  use  of  potash  ? 

ft.  Another  purpose  which  these  carbonates  are  supposed  to  serve,  is 
that  of  combtning  with,  and  rendering;  soluble,  the  vegetable  matter  of 
the  soil,  so  as  to  brins;  it  into  a  state  m  which  it  may  be  readily  con- 
veyed into  the  roots  of  plants.  They  may  in  this  case  be  said  to  pr6' 
pare  the  food  of  plants.  That  they  are  really  capable  of  forming 
readily  soluble  compounds  with  the  humic  acid,  and  with  certain  other 
ornnic  substances  which  exist  in  the  soil,  is  certain.  Those,  however, 
who  maintain  with  Liebiff  that  plants  imbibe  ail  their  carbmi  in  the 
form  of  carbonic  acid,  will  not  be  willing  to  admit  that  this  property  of 
the  above  carbonates  can  either  render  tbsm  useful  to  vegetation,  or  ac- 
conat  fiv  the  beneficial  action  they  have  so  often  been  observed  to  exer- 
cise. From  this  opinion  we  have  already  seen  reason  (Lee.  IV.,  i  2), 
to  dissent,  and  we  are  prepared,  therefore,  to  concede  that  potash  and 
soda,  in  the  form  of  carbonates,  may  act  beneficiall}r  upon  veeetatioD— *• 
by  preparing  the  organic  matter  of  the  soil  for  entering  into  the  roots  of 
plants,  and  thus  administering  to  their  growth. 

This  preparation  also  may  be  efie^ed  either  by  their  directly  eom- 
Uning  with  the  oraanic  matter,  as  the^  are  known  to  do  with  the  humic 
and  other  acids  wiuch  exist  in  the  soil ;  or  by  their  disposing  this  or- 
ganic matter,  at  the  expense  of  the  air  and  of  moisture,  to  form  new 
chemical  compounds  which  shall  be  capable  of  entering  into  the  vege- 
table eirealaiion.  This  dupoting  influence  of  the  alkalies,  and  even  of 
lime,  is  familiar  to  chemists  under  many  other  ciroumstanoes. 

This  mode  of  action  of  the  carbonates  of  potash  and  soda  can  be  ex- 
orcised in  its  fullest  extent  only  where  vegetable  matter  abounds  in  the 
soil.  It  is  staled  by  SpreuffeU  accOTdingly,  as  the  result  of  experiment, 
that  they  are  most  nseral  where  vegetable  matter  is  plentiful,  and  that 
they  ought  to  be  employed  more  sparingly,  and  with  some  degree  of 
besitatioo,  where  such  organic  matter  is  dencient. 

c.  We  have  already  seen,  during  our  study  of  the  composition  of  the 

*  8m  OiA  tabukr  d«iaiItgiT«D  Uk  Laetnre  Z.,  f  3. 
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ash  of  plants  (Lee.  X,  (  3,  4),  bow  very  imptttant  a  sobstance silica  is, 
especially  to  the  grasses  and  to  the  stems  of  oar  varbus  corn-beariiMr 
plants.  This  silica  exists  very  frequently  in  the  soil  in  a  Aate  in  which 
It  is  insoluble  in  pore  water,  and  yet  is  more  or  less  readily  taken  up  by 
water  containing  carbonate  of  potash  or  carbonate  of  soda.  And  as 
there  is  every  reason  to  believe  tnat  nearly  all  the  silica  tbey  contain  is 
actually  conveyed  into  the  circulation  of  planu  by  the  agency  of  potash 
and  soda/  it  is  not  unlikely  that  a  portion  of  the  beneficial  action  of 
these  substances,  especially  upon  the  grass  and  com  crops,  may  be  dae 
to  the  quantity  of  silica  they  are  the  means  of  conveying  into  the  interior 
of  the  growing  plants. 

d.  Another  mode  in  which  these  substances  act,  more  obscurely,  per- 
haps, thouffh  not  less  cenainly,  is  by  disposing  the  organic  matters  con- 
tained in  the  sap  of  the  plant  to  form  such  new  combinations  as  may  be 
required  for  the  production  of  the  several  parts  of  the  living  vegetable. 
I  have  on  a  former  occasion  illustrated f  to  you  the  very  remarkable 
changes  which  starch  may  be  made  to  undeigo,  without  any  essential 
alteration  in  its  chemical  composition— how  gum  and  sugar  may  be  suc- 
cessively produced  from  it,  without  either  loss  or  cain  in  respect  of  its 
original  elementary  constitution.  We  have  seen  also  how  the  presence 
of  a  comparatively  minute  quantity  of  diastase  (Lec^  VI.,  §  8),  or  of  sol- 
phuric  acid  (Lee.  VI.,  k  6)«  is  capable  of  inducing  such  changes,  first 
rendering  the  starch  soluble,  and  then  converting  it  into  gum  and  into 
sugar.  Analogous,  though  somewhat  different  changes,  are  induced  by 
the  presence  in  certain  solutions  of  small  quantities  of  potash)  or  soda, 
as,  for  example,  in  milk—- the  addition  of  carbonate  of  soda  to  which 
gradually  causes  (persuades?)  the  wIk^c  of  the  sugar  it  contains  to  be 
converted  into  the  acid  of  milk.  Such  changes  aim  must  be  produced 
or  facilitated  by  the  presence  of  acid  and  of,  alkaline  substances  in  the 
sap  of  plants;  and,  tnoagh  we  can  as  yet  only  guess  at  the  precise  na- 
ture of  these  changes,  yet  there  seems  good  ground  for  believmg  that  to 
facilitate  their  production  is  one  of  the  many  purposes  served  by  the  con- 
stant presence  of  inor(janie  substances  in  the  sap  of  plants.  Indeed,  so 
important  is  this  function  considered  by  some  writers  upon  the  nourish- 
ment of  plants,^  that  they  are  inclined  to  ascribe  to  it,  erroneously  how- 
ever, as  I  believe,  the  main  influence  upon  vegetatioo,  of  nearly  all  the 
inorganic  substances  which  are  found  m  the  ash  of  plants,  and  there- 
fore are  known  to  enter  into  their  circulation. 

€.  I  only  allude  to  one  other  way  in  which  these  substances  may  be 
supposed  to  have  an  influence  upon  vegetation.  We  have  already  seenl 
how  important  a  part  the  nitric  acid  produced  in  the  atmosphere  or  in 
the  soil  ma^  be  supposed  to  perform  in  the  general  vegetation  of  the  globe. 
This  acid  is  observed  to  be  more  abundantly— ^ther  fixed  or  actually 

firodueed  in  the  soils  or  composts  which  contain  much  potash  or  soda, 
t  may  be,  therefore,  that  in  adding  either  of  these  to  our  fields  we  give 

'  In  the  autt  of  «atoa(eff.-8ee  Lee.  V.,  f  2,  and  Lee.  X.,  %  1. 
tLeetnnVLfSe. 

;  b  Is  aleo  shown  (Lee.  VL,  §  6,)  Uist,  by  meami  of  potash,  woody  fibre  msT  be  coo?ert»d 
■Ua  atsrch. 
\  ^  ^^SSS^y  Hlabeek'e  £nMUniiv<ier  i>^lanMfi  wid  StaHk  ikt  Landbauet. 
I  Lee.  VUL,  §  6,  6,  7.  , 
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to  the  soil  the  means  of  brin^g  -withio  the  reach  of  the  roots  o£  our 
crops  a  more  read^  supply  of  oitric  acid,  aud  hence  of  nitrogen,  so  neces- 
sary a  part  c^  their  daily  food. 

3°.  Sulphates  of  Potash  and  iSoe/a.— It  is  nearly  100  years  since  Dr. 
Home,  of  Edinburgh,  observed  that  these  salts  produced  a  beneficial 
efiect  upon  vegetation.  Applied  to  ^wing  com,  they  increased  the 
*  produce  by  one-fourth.  Other  expenmeots,  since  made  in  Germany, 
nave  shown  that  they  may  be  applied  with  manifest  advantage  both  to 
field  crops  and  to  fruit  trees  (Sprengel),  but  the  price  has  hitherto  been 
considered  too  high  to  admit  of  their  being  economically  used  in  ordinary 
husbandry. 

The  manufacture  of  sulphate  of  soda  in  England,  however,  has  of 
late  years  become  so  much  extended,  and  the  price  in  consequence  so 
much  reduced,  that  I  was  induced  in  the  spring  of  the  year  184  U* 
asain  to  recommend  it  to  the  attention  of  the  practical  agriculturists 
of  the  country— as  likely,  either  alone  or  mixed  with  other  substances, 
to  increase  in  many  localities  not  only  the  produce  but  the  pn^t  also  to 
be  derived  from  the  land.*  Many  experiments  were  in  consequence 
made  in  various  parts  of  the  country,  the  details  of  some  of  which  are 
given  in  the  Appendix.!  When  applied  at  the  rate  of  half  a  cwt.  of 
the  dry  salt  (or  one  cwt.  of  crystals)  per  acre,  it  produced  little  efiect 
upon  the  bay  crop,  the  quantity  being  probably  too  small.  Applied  to 
hay  and  rye,  at  the  rate  of  84  lbs.  of  the  dry  salt,  and  to  potatoes  at  the 
Tate  of  100  Ibe.,  it  gave  per  imperial  acre,  with 

UndreMad.         Prewed  with  Balphal*.  laereaM; 

Hay 4480  lbs.  5288  lbs.  808  lbs. 

wmier  icye    ^^^^^  4096  lbs.  4608  lbs.  612  lbs. 

Foutoes    ....       16i  tons.  IQi  u>ns.  1|  tons. 

The  grain  of  the  dressed  rye  was  much  heavier  than  that  of  the  other, 
and,  though  nitrate  of  soda  and  sal-ammoniac  applied  to  other  parts  of 
the  same  field  caused  a  larger  increase  in  the  crop  of  rye,  yet  the  increase 
obtained  by  the  use  of  the  sulphate  was  duaper  per  bushd  than  that  ob- 
tained by  the  use  of  either  of  the  other  substances. 

On  beans  and  peas  also  the  efiect  produced  by  it  (Appendix,  No.  III.) 
was  very  striking— its  action  being  exerted  not  upon  the  straw  but  upon 
the  pods,  increasing  their  number  and  enlarging  their  size. 

The  results  of  these  experiments,  therefore,  are  such  as  to  encourage 
further  trials.  The  quantity  applied  should  not  be  less  than  one  cwt. 
of  the  dry  salt  per  acre,  and  it  should  be  put  on  either  in  the  state  of  a 
▼ezy  weak  solution  with  a  water-cart,  or  sprinkled  on  the  young  crop 
when  the  ground  is  moist  or  when  rain  is  soon  expected. 

4^.  Sulphate  of  Magnesia  {Epsom  Salts)  was  found  by  Dr.  Home  to 
promote  vegetation  almost  in  an  equal  degree  with  the  sulphates  of  potash 
and  soda,  but  the  usually  high  price  of  this  compound,  among  other 
causes,  has  hitherto  prevented  it  from  being  tried  upon  an  extensive 
scale.     The  manufacture  of  this  article  also  has  of  late  years,  however, 

*  Whan  the  pobUcaUon  of  these  lectaree  was  commenced. 

t  fiee  Appeodtx,  also  pobKshed  in  the  fonn  of  a  aeiMurate  timet—"  Bugfealioiia  for  Experi- 
la PiMtieal  Africotture,"  No.  L  r^ ^^^T^ 
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been  ao  much  extended  and  simplified,  that  the  refined  salts  for  medi- 
cinal parnoeea  may  be  parcbased  as  low  as  da.  a  cwu,*  and  the  impure 
salts  of  the  Yorkshire  and  other  alum  works  at  a  mnch  lower  rate.  So 
much  capital  indeed  has  now  been  embarked  in  the  manufactare  of  the 
sulphates  and  carbooatea  of  soda  and  magnesia  (Lee.  IX.,  §  4),  and 
it  is  80  deeirable  on  many  accounts  to  discover  new  outlets  for  the  pro- 
ducts of  these  important  manufactoriea,  that  were  there  only  theoretical 
reasons  for  believing  them  likely  to  benefit  practical  agriculture,  it  would 
be  desirable  to  midce  trial  of  their  eflfects  upon  the  land.-  But  their 
favourable  Influence  has  already  been  shown,  and  it  remains,  therefore, 
only  to  ^'ork  out  the  details  by  which  theur  application  to  this  or  that 
soil  or  crop  shall  be  so  regulated  as  to  yield  a  fair  and  constant  profit  to 
the  former  who  employs  them. 

I  have  elsewhere  (Appendix,  No.  I.)  recommended  the  application  of 
sulphate  of  soda  at  the  rate  of  1  cwt.  of  the  dry  salt  or  of  2  cwt.  of  crys- 
tals (cost  10s.  or  lis.)  per  acre.  The  Epsom  salts  are  only  sold  in  crys- 
tals, and  1|  cw(t.  (cost  12s.)  in  this  form  should  be  nearly  equal  in  effi- 
cacy upon  the  land  to  2  cwt.  of  crystallized  sulphate  of  soda.  In  this 
proportion,  ther^re,  it  would  be  proper  to  apply  it  to  the  young  crops, 
especially  of  wheat,  clover,  peas,  beans,  and  other  leguminous  ^ants. 

StdphaU  of  Lime  {Ch^j^m)  has  been  long  and  extensively  applied  to 
the  land  in  various  countnes  and  to  various  crops.  In  Germany  its  influ- 
ence has  been  most  generally  beneficial  upon  srassand  red  clover,  while 
in  many  parts  of  the  United  States  it  is  applied  with  advantage  to  almost 
every  crop.  In  the  former  country  and  in  England,  it  is  usually  dusted 
over  the  young  plants  in  early  spring ;  in  America  it  is  frequently  sown 
with  the  seed,  or,  in  the  case  of  potatoes,  put  into  the  drills  or  hdea 
along  with  the  manure.  The  propriety  of  adopting  the  one  rather  than 
the  mher  of  these  methods  will  depend  upon  the  naturo  of  the  soil  and 
upon  the  climate.  Gypsum  requires  mnch  water  to  disserve  it,  and  in 
dry  soils,  climates,  or  seasons,  it  might  readily  fail  to  influence  the  crop 
at  all,  if  applied  in  the  form  of  a  top-dressing  only. 

It  would  appear  that  the  time  and  mode  of  its  applieation  has  more 
influence  upon  its  activity  than  we  might  suppose— «ince,  according  to 
Professor  KOrte,  wh^^n  applied  to  clover  at  difllerent  periods  in  the  spring, 
the  produce  of  difierent  parts  of  the  same  field  was  in  the  fdlowing 
proportions  :— 

Undressed •.  100  lbs. 

Top  dressed  on  the  30ih  of  March 132  lbs. 

••  "  13th  of  April 140  lbs. 

••  ••  27lh  of  April 15€lbs.t 

The  efiect  of  a  top  dressing  of  gypsum  seems  therefore  to  be  greatest 
when  it  is  applied  after  the  leaves  have  been  pretty  well  developed.^ 

Theory  of  (he  action  of  these  st^phates. 
a.  It  does  not  seem  difEcult  now  to  account  for  the  general  action  of 

*  Prom  the  Measri.  Cookaon'a,  of  the  Jarrow  Alkali  Works,  near  Newcastle. 

t  MSgUntehe  Jahrbueher^  I.,  p.  86,  quoted  In  Hlubok's  lyiaraennShnm^. 

X  Can  the  rsMilt  hers  mentioned  have  anj  connexion  wtUt  the  fact  observed  by  PeseMer, 
thai  gjraum  laid  upoa  the  leaTes  of  plants  Is  graduallT  conreited  inlocaibODate,  ItssalphiMrte 
aeidl>cing  absorbed  1  *^  u,g,uzeuoy  ^  Jo^.^' 
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these  sereral  eolphates  of  potash,  soda,  magnesia,  and  lime.  The  ex- 
planation may  be  deduced  partly  from  recent  chemical  analyses,  and 
partly  from  agricultural  experiments  more  lately  made  by  practical  men. 
It  has  been  found,  for'example,  that  sulphur  is  a  constant  and  appa* 
rently  necessary  constituent  or  the  gluten  and  albumen  of  the  several 
Tarietiee  of  gram,  and  of  the  legumin  which  forms  the  largest  part 
of  the  substance  of  the  pea,  the  bean,  the  yetch,  and  of  the  seeds  of 
other  leguminous  plants.  This  sulphur  they  must  obtain  from  the  soil, 
and  one  cause  of  the  efficacy  of  the  aboye  sulphates  is  unquestionably 
that  they  are  fitted  easily  to  yield  to  the  crowing  plant  the  supply 
of  salphurthey  necessarily  require— whiles  if  they  are  more  efficacious 
npoo  the  leguminous  than  upon  other  kinds  of  plants,  it  is  because 
the  latter  produce  a  larger  proportion  of  that  kind  of  organic  matter  in 
which  sulphur  is  constantly  present. 

That  such  is  really  the  true  explanation  of  their  general  action  is 
proyed  by  the  obseryation— that  sulphuric  acid  applied  to  the  land  in  a 
yery  diluted  state  exerts  an  influence  upon  the  crops  precisely  sinularto 
that  obseryed  when  gypsum  or  sulphate  of  soda*  is  used. 

in  reforence  to  this  mode  of  action  it  is  of  consequence  to  know  the 
relatiye  efficiency  of  the  seyeral  salts.  This  will  obviously  depend  upon 
the  relative  proportions  of  sulphur  or  sulphuric  acid  they  contain— sup- 
posing the  circumstances  in  wiiich  they  are  applied  to  be  equally  favour- 
able to  the  introduction  of  each  into  the  circulation  of  the  plant.  Their 
reladve  value  upon  this  view  is  as  follows  :*- 

100  lbs.  of  burned  gypsum  are  equal  to,  or  contain  as  much  sulphuric 
acid  as, 

126  lbs.  of  common  or  unbnmed  gypsum. 

128  lbs.  of  sulphate  of  potash. 

104  lbs.  of  sulphate  of  soda— dry. 

235  lbs.  of  sulphate  of  soda— crystallized. 

180  lbs.  of  sulphate  of  magnesia— crystallized. 
And  as  of  all  these  the  sypsum  is  by  fat  the  cheapest,  it  should  form,  in 
refofeoce  to  this  general  action  of  the  above  sulphates,  in  all  cases,  the 
most  economical  application  to  the  land. 

h*  But  they  have  each  also  their  special  action  dependent  partly  upon 
their  physical  properties,  and  partly  on  their  chemical  constitution. 

Thus  it  will  be  of  little  use  nuxing  any  of  them  with  the  soil,  unless 
they  become  capable  of  entering  into  the  roots  of  the  plants  which  are 
growing  upon  it.  The  fooility  with  which  this  can  be  efiected  depends 
upon  there  solubility  in  water,  wluch  is  very  unlike.  Thus  an  imperial 
gallon  o^  pure  water  at  the  ordinary  temperature  will  dissolve  of 

Uypsum  (burned,) •    1  lb. 

Gypsum  (unburned,) t  Ibf 

Sulphate  of  Potash, li  lbs. 

Sulphate  of  Soda,  dry    .......     1}  lbs. 

Sulphate  of  Soda,  crystallised 3^  lbs. 

Sulphate  of  Magnesia 4  lbs. 

In  rainy  weather,  therefore,  and  in  moidt  climates,  it  would  still  be 
most  economical  to  apply  the  gypsum,  since,  though  yery  sparingly 


'  See  AppendU.  ugitized by GoOgl 
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s(jluble,  water  would  besufficieDtly  abuodaot  to  dinolve  as  much  as  the 
plant  might  require.  But  in  times  of  only  moderate  rain,  and  especiallv 
10  dry  seasons,  the  use  of  the  sulphates  of  soda  and  ma^esia«  which 
are  also  low  in  price,  is  recommended  by  the  comparative  ease  with 
which  they  may  be  taken  up  by  water  and  conveyed  to  the  roots. 

c.  iligain,  the  chemical  constitution  of  these  sulphates— the  nature  of 
the  substance  with  which  the  sulphuric  acid  is  combined— determines  in 
a  still  greater  degree  the  nature  and  extant  of  their  special  action.  If 
the  soil  already  abound  in  potash,  in  soda,  in  lime,  or  m  magnesia,  then 
the  influence  of  these  compounds  may  depend  entirely  upon  the  sul- 
phuric acid  they  contain.  But  suppose  the  land  to  be  deficient  in  lime, 
then  the  gypsum  we  add  will  act  not  only  in  virtue  of  the  sulphuric  acid, 
but  of  the  lime  also  which  it  contains,  and  thus  its  apparent  effect  will 
be  much  more  striking,  than  when  the  land  is  naturally  calcareous,  or 
has  been  previously  dressed  with  lime*  So  if  it  be  deficient  in  potash, 
the  sulphate  of  potash  will  be  more  efficient  than  it  could  be  expected  to 
prove  upon  a  soil  in  which  sulphuric  acid  alone  is  wauting.  And  so 
also,  if  lime  and  potash  abound,  and  soda  or  magnesia  be  deficient,  the 
sulphates  of  these  latter  bases  will  exercise  a  special  action  upon  the 
soil,  by  supplying  it  at  the  same  time  with  sulphuric  acid  and  with  soda 
or  magnesia  also.  Thus  on  land  to  which  lime  has  been  abundantly 
added,  according  to  the  ordinary  practice  of  husbandly,  the  sulphate  of 
soda  has  the  best  chance  of  proving  useful  to  vegetation,  not  only  because 
it  is  more  soluble,  and  is,  therefore,  more  independent  of  the  seasons, 
but  because  it  is  capable  of  supplying  two  different  substances— sulphuric 
acid  and  soda-— neither  of  which  are  directly  added  in  the  ordinary 
manuring  of  the  land,  but  both  of  which  the  plants  may  find  difficulty 
in  obtaining. 

d.  Another  consideration  will  indicate  further  special  applications  of 
these  several  sulphates,  independent  of  the  sulphuric  acid  which  they 
in  common  contain.  If  we  refer  to  the  table  (Lee.  X.,  §  3,)  in  which  is  ex- 
hibited the  constitution  of  the  ash  of  the  several  clovers  and  grasses,  wo 
find  the  constituents  of  our  sulphates  to  be  present  in  100  paru  of  the 
ash  in  the  following  proportions  :— 

*y^^f^  Had  Clover.    ^^       Lncenie.      flidnfoiiL 

Potash 8-81        19-95       31-05       13-40.      20-57 

Soda 3-94  6-29         5-79         6-15  4-37 

Lime 7-34        27-80       23-48       48-31        21-95 

Magnesia    ....        0-90  3-33         3'05         3-48         2-88 

Sulphuric  Acid     .     .         3-53  4-47         3-53         4-04  3-41 

Of  the  two  clovers  the  red  contains  more  lime  and  much  less  potash, 
therefore  the  sulphate  of  lime  is  more  likely  to  benefit  (he  red  clover, 
and  the  sulphate  of  potash  the  white,  which  is  consistent  with  the  re- 
sults of  experiment.  A  similar  difierence  exists  between  lucerne  and 
sainfoin,  to  the  former  of  which  lime  and  soda  are  more  necessary  than 
the  latter.  The  first  column  under  rye  grass  shows,  on  the  other  hand, 
how  very  much  smaller  a  proportion  of  all  the  four — potash,  soda, 
lime,  and  magnesia — is  required  by  this  green  crop  than  by  the  others ; 
and  therefore  that  the  same  weight  of  any  one  of  these  sulphates,  which, 
when  applied  as  a  top  dressing  to  one  crop  (rye  grass),  would  cause  it  to  . 
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thrive  liixarianUy«  mav  be  innifficieiit  to  supply  the  most  necessary 
wants  of  another  crop  (clover  or  sainfoin.)  Not  only  the  Jdnd  of  mine- 
ral manure,  therefore,  which  we  mix  with  the  soil,  but  the  quantity  also, 
must  be  determined  by  the  kind  of  crop  we  intend  to  raise.* 

6^.  NUrates  ofPoUuh  and  jSoc2a.-*-The  efficacy  of  these  two  substances 
as  manures  in  certain  circumstances  is  now  generally  acknowledged, 
though  the  disappointments  which  have  occasionally  attended  their  use 
naturally  cause  the  practical  farmer  to  hesitate  still,  before  he  applies 
them  in  any  quantity  to  his  land.  As  these  salts,  especially  the  nitrate 
of  soda,  are  comparatively  abundant  in  nature, — as  they  are  really  be- 
neficial in  many  cases,  and  can  be  employed  with  a  profit,— as  their 
use  in  practical  agriculture  has  recently  excited  considerable  interest,-* 
and  as  many  experiments  have  in  consequence  been  made  with  them 
upon  various  crops, — ^I  shall  briefly  direct  your  attention  to  the  most  im- 
portant facts  which  have  yet  been  established  in  regard  to  their  action 
upon  the  growing  plant. 

a.  J^fj^enl  efeeU  of  the  NUraUs.-^ThQ  first  visible  effect  of  the  ni- 
trates upon  every  crop  is  to  impart  a  dark  green  colour  to  the  leaves  and 
stems.  2^.  They  then  hasten,  increase,  luid  not  unfrequently  prolong 
the  growth  of  the  plant.  3^.  They  generally  cause  an  increase  both 
in  the  weight  of  hay  or  straw,  and  of  corn— though  the  colour  and 
growth  are  occasioniuly  afiected  without  any  sensible  increase  of  tlie 
crop.  4^.  The  hay  or  grass  produced  is  always  more  greedily  eaten  by 
the  cattle  than  that  whicn  has  not  been  dresseo,  even  when  the  quantity 
is  not  afiected;— but  the  grain  is  usually  of  inferior  quality,  biinging  a 
somewhat  less  price  in  the  market,  and  yielding  a  smaller  produce  of 
flour. 

Its  principal  action  seems  to  be  expended  in  promoting  the  growth— 
that  is,  increasing  the  production  of  woody  fibre,  either  in  the  stem  or 
the  ear,  without  so  much  affecting,  except  indirecdy,  the  quantity  of  seed. 

IJUuitraiUms. — 1^.  Mr.  Pusey  observed  that  the  increase  of  bis  wheat 
crop,  on  the  Oxford  clay,  where  nitrate  of  soda  was  applied,  arose  from 
there  being  no  underlmg  straws  toith  short  ears  as  in  the  undressed,  but 
all  were  of  equal  length  and  consequent  fullness  and  ripeness.  The 
nitrate  had  merely  promoted  the  growth. 

2°.  **  It  afiected  the  tops  of  the  potatoes,  but  the  produce  of  bulbs 
was  less  both  by  weight  and  measure"  (Mr.  Grey,  of  Dilston).  **  On 
peas,  in  a  thin  sandy  soil,  subsoil  gravel,  it  had  much  effect  on  the 
colour  and  strength  of  the  stems,  and  on  the  state  of  forwardness,  but 
when  ripe,  thou|£  the  straw  was  stronger,  there  was  no  difference  in  the 
crop  of  peas"  (Colonel  Campbell,  of  Rozelle).  **  On  land  in  high  con- 
dition it  did  harm  by  forcing  the  straw  at  the  expense  of  the  ear**  (Mr. 
Barclay).  **  It  appeared  to  act  strongly,  and  there  was  a  greater  bulk 
of  straw,  but  the  increase  of  grain  was  only  60  lbs.  per  acre"  (Sir 
Robert  Throckmorton).  In  another  experiment  of  Mr.  Barclay*s  the 
straw  was  very  strong,  and  much  of  the  wheat  laid,  but  the  undfressed 
sold  for  4s.  a  bushel  more,  and  there  was  no  profit. 

In  all  these  cases  the  nitrate  promoted  chiefiy  the  growth  of  the  stem, 

or  the  production  of  woody  fibre.    The  inferior  quality  of  the  grain  and 

*  F6r  the  ttieoraUcftl  oplnloni  of  oUier  antbon  in  regard  to  tbe  Mdon  of  gypfum,  set 
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yield  of  flow«r  was  owing  to  this  actum.  The  grain  was  enveloped  in 
a  thicker  ooyering  of  the  woody  matter  which  forms  the  skin  or  bran. 

3^.  **  The  turmps  after  the  nitrated  wheat  are  decidedly  better,  ihe 
tops  art  $dll  growing  and  luxuriant,  while  on  the  other  port  they  are 
begioninc  to  fall"  (Hon.  H.  Wilson).  They  seem,  therefore,  in  some 
cases,  at  least,  to  prolong  the  growth. 

From  the  above  statements  we  seem  to  derive  an  explanation  why 
Che  eflfects  of  the  nitrate  should  have  been  so  universally  observed  upon 
the  grasses  and  clovers— while  in  regard  to  its  application  to  com  crept, 
they  indicate  this  important— 

FaACTiCAL  RuLK.— Not  loapply  the  nitrates  upon  land  or  under  dr- 
enmstances  where  there  is  already  a  sufficient  tendency  to  produce  straw. 

h.  EffecU  of  the  nitraies  upon  die  ^uahtitt  of  the  crop.— Casea  have 
occurred  where  the  nitrates  have  failed  to  modfnce  any  apparent  eflect 
at  all— others  where  the  colour  was  afiected  and  the  growth  promoted 
without  any  ultimate  increase  of  crop—and  othets  ag|un,  where  the  ap- 
plication of  these  salts  was  decidedly  injurious.  These  failures  are  de- 
serving of  a  close  "Consideration,  but  let  us  first  attend  to  the  amount  of 
benefit  derive(l  fiom  tlieir  use  where  it  has  been  attended  with  suoeess. 

1.— Efpbct  oir  CoMiffOii  and  Cx.ovxr  Hat. 


LodJltj. 


UodAMMed.     DrasMdr 


PRODUCH  PER  ACRE. 


of  NItnto  of  Soda  op. 
por  acn,  aiid  nature  of 


Aske  Ha   11,  } 

Earl  of  Zetland.  S 

At  Erskine,  S 

Lord  Blantyre*  ) 


Barochan, 
Mr.  Fleming. 

Dilston, 

Mr.  Orey. 

Farnham,  Suflblk, 

Mr.  MiuketL 

Methven  Castle, 
Mr.  Bitkop. 


tona.  cwt 

2  IS 

2  0} 

2  1 

1  6 

2  11 
2  10 
2  4| 


3  0| 

2  10 

2  41 

2  19| 

3  18 
3  U 

2  2 


1  cwt.,  on  a  thin  light 
soil,  subsoil  clay  upon 
limestone. 

120  lbs.,  good  light  soil, 
subsoil  gravel. 

Ditto,  clay  soil  on  clay 
subsoil. 

160  lbs.,  stiflTclay,  after 
wheat. 

Ditto,  light  clay  loam, 
drained,  after  barley. 

1  cwt.,  meadow  hay,  sofl 
not  mentioned. 

150  lbs.,  clover  hay,  ml 
not  mentioned. 

1  cwt.  nitrate  of  potash 
and  1|  of  nitrate  of  so- 
ds, had  each  the  same 
effect  on  a  heavy  damp 
loam,  partially  drained . 


On  the  other  hand,  Mr.  Barclay 
(plaaUc  clay),  in  Surrey,  near  the  < 
a  lailure ;  and  the  Messrs.  Drewitt, 


says  that,  on  his  heavy  clay  lands 
'  :e  of  the  chalk,  it  is  almost  always 
Guildford,  that  on  their  chalk  soilavo 


mwrucT  on  xarlxt  ahd  oats. 
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tbe  additkmal  pniduce  of  hay,  whether  on  upland  ot  maadow,  does  aot 
repay  tlie  expenee. 

II.— Oev  Baeuet. 


Loealitj. 


Um^rMMd.     Drc—cd. 


gma.  Mrew.  gnun. 


QoanUty  per  acre,  and  kliid  of  aoO. 


Sanrey* 
Mr,  Barday. 

Newton  HaU, 

Northumberland, 

Mr,  Jobling. 

Sufiblk, 
Htm.  H.  WtUon. 


ewt.  bosh. 


441 

47 

18 


16i 
S6 


55| 
59 


6Wt 

36 


1  cwt.  on  light  soil  with  chalk 
Bubsoil. 

1  cwt.  on  strong  tnmip  land. 

1  cwt.  on  a  poor  sandy  soil, 
where  the  turnips  on  the 
precejyyQfl;jyear  were  nearly 
d^fiSi^j^j^^yie  land  blow- 


^*^ 


In  Berkshire,  on  the  other  hand,  ijT  failed  (1^3id)Vf(^^^rley  on  the 
liglit  lands,  causing  them  in  some  castfrjio  be  ba^4^  ap^(l9[r.  Pusey), 


bnt  the  season  was  droughty. 


J.,. 


III.— Ow  WiiiM^  Rtk.  y 

Mr.  Fleming,  of  Barochan,  applied  rSQ<^^g|^^a(»/lb  rye,  upon  a 
strong  clay,  after  potatoes,  and  obtained--^^s.,.,£££^>^ 


Grain 

Straw 


Undreaeed. 

14  bushels 26  bushels. 

1  ton  7J  cwt d  tons  19^  cwt. 

IV.— Upok  Oats. 


Locality. 

PRODUCB.                              I 

Ctuantity  per  acre 
and  kind  of  soil. 

Undressed,      l 

Dressed. 

groin. 

straw. 

gram. 

stiaw. 

bush. 

owt. 

bush. 

bush. 

Bakewell, 
Derbyshire) 

JaTt  CrfefllXJ. 

48J 

351 

64 

381 

1  cwt ;  heavy   soil, 
clay  subsoil 

Court  Farms, 

Hayes, 

46 

31 

601 

461 

1  cwt  ;knd  saturat- 

Jl^. Newman.     \ 

ed  with  water;  and 

Leatherhead,    \  \ 

out  of  condition. 

Surrey, 

40 

61 

60 

90 

1  cwt. ;  a  loam  con- 

Mr. Barday,    ) 

taining  flints,  on  a 
snbsoQ  of  chalk. 

Mr.  Everett,  in  Norfolk,  obtained  an  increase  of  15  bushels  per  acre, 
by  tbe  use  of  f  cwt.  per  acre ;  and  Mr.  Calvert,  of  Ockley  Court,  of 
20  bushels  of  crain,  and  9i  cwt.  of  straw,  by  applying  li  cwt.  of  nitrate 
of  soda.    At  Kirkleatham  (North  Yorkshire),  it  had  an  excellent  effect 
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upoD  oats,  on  strong  land— and  on  the  strong  clays  of  the  WeaM  of  Sur- 
rey and  Sussex  it  is  said  by  Mr.  Dewdney,  of  iKorking,  to  be  univeraalty 
beneficial,  particularly  when  sown  on  ley  ground — paying  the  grower 
27s.  to  308.  per  acre.  ^*  When  it  has  failed,  the  nitrate  has  been  sown  * 
early,  and  when  the  land  was  in  a  dry  state.  In  these  instances  the 
crop  was  more  or  less  blighted.'*  On  the  other  hand,  Mr.  Barclay 
states  that,  on  his  strong  heavy  land  (plastic  clay),  near  the  edge  <^  the 
chalk,  in  Surrey,  it  gave  no  profit. 

In  most  cases,  therefore,  the  nitrate  of  soda  seems  capable  of  produc- 
ing a  large  increase  in  the  oat  crop — the  few  failures  which  are  noted 
must  be  due  either  to  the  state  of  tne  weather  or  to  some  peculiarities  in 
the  physical  conditioD  or  chemical  constitution  of  the  soils  on  which  they 
were  observed. 

v.— On  Wheat. 
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1*  cwt ;  a  poor  spongy  sandy  soiL 

I  cwt. ;  a  stone-brash  soil  abounding  in 
carbonate  of  lime. 

1  cwt ;  on  a  light  stone-brash  poor 
thin  soil. 

I  ewt.  niurate  of  soda,  on  KgrawBy  soil ; 
an  equal  weieht  mtraU  ofpotaA  pro- 
duced only  *  bushel  of  increase  (?y 

1  cwt  nitiate  <^8oda  on  a  strong  clay. 
Both  portions  were  previously  limed. 

1  cwt;  on  a  very  thin  crop,  injured  by  an 
unfitvorable  autumn.  Soil  not  stated. 

I  cwt:  on  a  fair  light  soil. 

Do.,  loamy,  better  land. 

1  cwt ;  sou  loamy,  restina  on  chalky 
straw  strong,  ana  much  wheat  laid.* 

Do.  on  heavy  soil,  resting  on  the  Ox- 
ford clay.  Bid  aU  these  very  different 
resuUs  were  obtained  in  the  same  field. 

Do.*,  com  generally  laid)  soil  not  men- 
tioned. 

1  cwt;  soil  not  mentioned. 
1  cwt  nitrate  of  potash. 
Do.  nitrate  of  soda,  soil  and  subsoil 
clav,  resting  on  the  corn-brash. 
180  lbs.  nitrate  of  soda. 
Do.  nitrate  of  potash.  Soil  not  8tated.t 


*  The  drasMd  graia  sold  at  4e.  leas  than  the  andreaaed,  and  tliera  waa  no  profit ;  the  ni- 
trate felled  on  haavj  land,  and  oo  land  In  hifh  condition. 

t  The  produce  of  atraw,  espeelally  from  aaltpetre,  ia  y/ery  aurpriaing.  It  ia  aUUed  at  618 
aton     l4%r^  for  the  two  lou  reapecUvelj.    I  soppoae  the  acrea  to  he  Scotch,  and  the 
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VI.— On  Tuknips. 

At  Rozelle  the  Swedes  were  improved  several  tons  an  acre  by  the 
use  of  the  Dkrate  of  soda  (Mr.  Campbell).  At  Dorking  it  was  very 
beneficial  as  a  top-dressing  to  the  Swedes  and  white  turnips,  when 
sown  broad-cast  at  the  rate  of  li  cwt.  per  acre  (Mr.  Dewdney).  In 
neither  of  these  cases  is  the  soil  described.  On  thin  stony  laod  npon 
chalk  at  Elmshurst,  Bucks,  turnips  manured  with  nitrate  alone,  were 
ver^  superior  to  those  to  which  It)  loads  an  acre  of  farm-yard  manuse 
had  been  applied  (Mr.  Burgess).  The  only  numerical  results  with 
-which  I  am  acquainted  are  those  of  Mr.  Barclay  on  a  loamy  soil  resting 
on  chalk.    His  crop  of  turnips  was 

30|  cwt.  when  dressed  with  bones  and  wood  ashes,  each  15  bushels. 
"31  cwt.  when  dressed  with  1  cwt.  of  nitrate  of  soda,  drilled  in* 
35  cwt.  when  seed  and  nitrate  were  both  broad-cast. 
38  cwt.  when  the  seed  was  drilled  and  the  nitrate  broad-cast. 

On  the  other  hand.  Lord  Zetland  thought  it  did  no  eood  to  turnips ; 
Mr.  Vansittart,  that  on  strong  land  well  dunged  it  did  harm  ;  and  the 
Biessrs.  Drewitt,  that  on  their  dry'rubbly  chalk  it  had  no  effect  on  this 
crop,  though  it  impiDved  in  a  remarkable  degree  the  succeeding  crop  of 
barley. 

We  are  obviously  in  want  of  more  numerous  and  better  observations, 
especially  in  regard  to  turnips.  The  above  discordancies  will  either 
vanish  when  we  o^ain  a  larger  collection  of  results,  or  they  will  find 
an  explanation  in  the  more  accurate  observations  we  may  expect  to 
obtain  in  retard  to  the  climate,  soil,  and  geological  position  of  the 
locality  in  woich  each  expejriment  is  made.  Those  practical  men  who 
are  really  desirous  of  aidmg  the  progress  of  scientific  agricnlture,— by 
which  promss  not  only  the  national  welfare,  but  their  own  individual 
interests  alBo  are  likely  to  be  promoted,— will  do  more  towards  thia  end 
by  one  single  experiment  in  which  weights  and  measures  are  carefully 
determined,  and  the  soil,  the  climate,  the  geological  position  and  the  he 
of  the  land,  accurately  described,  than  by  any  number  of  mere  general 
statements  such  as  those  I  have  here  laid  before  you  in  regarato  the 
eOfectof  the  nitrates  upon  the  turnip  crop. 

c.  Effect  of  the  nUrate$  on  the  ^ualitt  of  the  crop.-^This  I  have 
already  in  some  measure  alluded  to.  It  so  sittects  the  grass  and  clover 
as  to  make  it  more  relished  by  the  cattle.  This  is  usually  expressed  by 
saying  that  the  crop  is  tweeter,  but  since  cattle  are  known  to  be  fond  of 
sa&ne  substances,  it  may  be  that  the  grasses  are,  by  these  salts,  only 
rendered  more  savoury.  It  generally  also  fives  a  grain  (of  wheat)  of 
an  inferior  quality-— which  has  a  thicker  skin,  and  yields  more  bran. 
This  may  poasibly  arise  from  its  having  been  generally  allowed  to  ripen 
too  long.*  A  question  still  undetermined  is,  whether  the  flour  of 
niiraied  com  is  more  nutritive  than  that  obtained  from  com  which  has 
been  undressed. 

It  is  generally  supposed  that  those  samples  of  flour  which  contain 
the  most  gluten  are  also  the  most  nutritive.  But  hitherto  the  only 
experiments  which  have  been  made  with  the  view  of  determining  the 
relative  quantities  of  gluten  in  samples  of  grain  from  the  same  field,  one 

*  See  Mr.  Joho  Hanoam'a  vsloable  ezperimeots  on  Uko  over-ripening  of  com  in  Uie 
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portion  of  which  had  been  nitrated,  aod  the  other  uot,  are,  one  made  by 
Mr.  Daubeoy,  and  one  reported  by -Mr.  Hyett,  lo  the  latter  of  which 
I  have  already  had  occasion,  for  another  purpobe,  to  direct  your 
attention.* 

In  these  experiments  the  flour  of  the  several  wheats  gave — 

In  Dr.  Daubeoy't  la  Mr.  HyeU'a 

Experiment  Ezperimenr. 

Nitrated 15  percent,  of  gluten  .     .     .     23|  per  cent. 

Unnitrated      ....     13  per  cent,  of  gluten  ...     19    percent. 

^s^' '""''' '"  **  h  p«'  --»•  "^  ^  -"• 

both  of  which  results  favour  the  supposition  that  one  effect  of  the  nitrates 
upon  the  quality  of  the  grain  is  to  increase  the  proportion  of  gluten,  and 
thus  to  render  them,  as  is  generally  believed,  more  nutritive.  This  is 
a  result  which  theoretically  we  might  be  led  to  anticipate,  were  there 
no  large  increase  in  the  quantity  of  the  produce— for  then  we  might 
natnrally  expect  the  nitrogen  of  the  nitric  acid  to  be  expended  solely  in 
enriching  the  grain  with  gluten.  But  the  increase  of  crop  contains  in 
many  cases  more  nirrogen  than  we  add  to  the  soil  when  we  dress  it  with 
one  cwt.  of  nitrate  of  soda  per  acre ;  there  is,  therefore,  no  excess  of 
nitrogen  which  we  can  suppose  to  go  to  such  an  enricbinff  of  the  more 
abundant  crop  of  grain.  For  this  reason,  among  others,  I  am  inclined 
to  donbt  whether  further  careful  examination  will  prove  the  floor  from 
nitrated  grain  to  be  always  richer  in  |;luten,  and,  therefore,  more  nutri- 
tious.    At  all  events  increased  expenments  are  to  be  wished  for. 

d.  AJter-dfeetB  of  these  nitrotef.— 'It  is  comparatively  seldom  that 
any  cpod  eflScts  have  been  observed  upon  the  crop  which  succeeds  that 
to  wmch  the  nitrate  o^  soda  has  been  applied.  Where  they  have  been 
noticed  it  has  been  chiefly  in  cases  where  from  some  cause  (drought  or 
dryness  of  soil  chiefly)  the  salt  has  been  prevented  from  exerting  its 
full  and  le^timate  action  upon  its  first  application.     Thus, 

1°.  Faihng  to  improve  turnips  on  a  rubbly  chalk  soil,  it  greatly 
benefitted  the  succeeding  crop  of  barley  (Mr.  Drewitt,  Guildford, 
Surrey). 

Producing  little  efiect  on  tares  (npon  a  clay  soil?)  it  improved 
veiy  much  the  turnip  crop  which  followed  (Mr.  Barclay,  Leatbeiiiead, 


2^.  In  the  following  instances  the  benefit  was  seen  on  successive 
cnx)s:— 

After  producing  an  increase  of  one-sixth  in  the  wheat  crop,  both 
grain  and  straw,  on  a  light  sandy  soil  (subsoil?),  the  turnips  of  the  fol- 
lowing year  were  decidedly  better  where  the  nitrate  had  been  sown 
(Hon.  H.  Wilson,  Brandon,  Suflblk). 

After  improving  the  crop  of  wheat,  the  after-crop  of  hay  was  also 
better  (Mr.  Grey,  of  Dilston.) 

At  Upleatham,  the  second  cut  of  clover  was  nearly  as  much  im- 
proved as  the  first  (Mr.  Vansittart),  and  at  Dilston  the  aftermath  hay 
was  greater  in  quantity,  and  better  relished  by  the  cattle  (Mr.  Grey). 

3°.  A  curious  efiect  is  noted  by  Mr.  Rod  well,  of  Alderton,  Wood- 

•  Bo«  note,  Lee.  VTII.,  %%. 
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bridge— -^  tMU  clover  fiaJUH  after  harley  on  %ohi^  nitrate  had  been 

Tbe  solubility  of  these  nitrates  is  so  great  that  iD  our  climate,  in 
seasons  of  ordinary  rain,  and  on  lands  having  a  moderate  degree  of 
ineUnation,  we  should  expect  that  they  would  be  in  a  great  measure 
washed  out  of  the  land  in  a  single  year.  Hei2C6  one  reason— even 
supposing  little  of  the  salt  to  have  entered  into  the  roots  of  the  growing 
crop— why  we  are  not  entitled  generally  to  expect  any  marked  efifect 
horn  it  upon  a  second  crop.  But  let  the  season  be  so  dry,  or  the  soil 
so  retentive,  and  the  land  so  level,  as  to  prevent  its  being  all  taken 
up  by  the  roots,  or  washed  away  by  the  rams  during  one  year,  and  we 
may  then  look  ibr  after-efiects,  such  as  those  above  described. 

e.  Circu$Mtanee$  neceeeary  to  ene%ire  the  nteoess^  of  theee  saline 
mamcrM.-— This  explanation  will  appear  more  satisfactory  if  we  glance 
for  a  moment  at  the  general  conditions  which  are  necessary  to  eneure 
the  success  of  these  or  any  other  saline  manures. 

1^.  They  must  contain  one  or  more  substances  which  are  necessary 
10  the  growth  of  the  plant. 

^.  The  soil  must  be  more  or  less  deficient  in  these  substances. 
-   3^.  The  weather  must  prove  so  moist  or  the  soil  be  so  springy  as  to 
admit  o^their  being  dissolved,  and  conveyed  to  the  roots. 

4^.  They  must  not  be  applied  in  too  large  a  quantity,  or  allowed  to 
come  in  contact  with  the  young  shoots  in  too  concentrated  a  form-^the 
water  ^at  reaches  the  roots  or  young  leaves  must  never  be  too  strongly 
impregnated  with  the  salt,  or  if  the  weather  be  dry,  the  plant  will  m 
blight^  or  burned  up. 

5^.  The  soil  must  be  sufficiently  light  to  permit  the  salt  eaaily  to 
penetrate  to  tbe  roots,  and  yet  not  so  open  as  to  allow  it  to  be  readily 
washed  away  by  the  rains.  In  reference  to  this  point  the  nature  of  the 
sabsoil  is  of  much  importance.  A  retentive  sulraoil  will  prevent  the 
total  escape  of  that  which  readily  passes  through  a  sandy  or  gravelly 
soil,  while  an  open  subsoil  again  will  retain  nothmg  that  has  once  made 
its  way  through  the  surface. 

/.  Case$  in  which  the  nitrates  have  failed.— A  knowledge  of  the 
ETOve  oooditions  will  enable  us  in  many  cases  to  explain  why  the 
nicrates,  and  other  generally  useful  substances,  have  failed  to  exhibit 
any  beneficial  efiect. 

1°.  Thus  on  the  light  soils  of  Berkshire  the  nitrate  of  soda  failed  for 
barley,  causing  it  often  to  be  blighted  or  burned  up.  This,  no  doubt, 
arose  from  the  drought  which  may  act  in  one  or  other  of  several  ways. 
Either  irmay  prevent  tbe  salt  from  being  dissolved  at  all,  and  thus  hm- 
der  its  action  altogether  for  the  Hme^^-or  it  may  retard  the  solution  till 
tbe  plant  has  attamed  such  a  state  of  maturity,  that  it  is  no  longer  capa- 
ble of  being  equally  benefitted  by  the  introduction  of  the  salt  into  its 
roots— or  after  being  dissolved,  and  having  partially  descended  into  the 
soil,  the  drought  may  cause  it  to  ascend  again  with  the  water  whicb 
rises  to  the  surface  m  consequence  of  the  evaporation,  and  may  thus 
present  it  to  the  plant  in  so  concentrated  a  form  as  to  injure  the  young 
shoots— or,  finally,  the  action  of  the  sun  upon  the  green  leaf,  into  which 
a  portion  of  the  salt  has  already  been  conveyed  by  the  roots,  may  be  so 
powerful  as  to  concentrate  the  saline  sdlutioo;  or  to^  increase  |lB  decom- 
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positiOQ  to  such  ao  extent  as  to  cause  iijuiy,  and  ooneeqoeat  hlighl  to 
the  leaf  itself. 

2^.  Again,  at  Cheadale,  in  Cheshire  (Mr.  Austin),  the  nitrate  of  soda 
is  said  to  have  had  a  good  efiect  on  wheat  and  grass  where  the  subsoil 
was  day,  but  none  where  the  subsoil  was  {[ravel,  or  the  soil  light  and 
sandy.  Here  the  supply  of  water  in  the  soil  may  have  been  soch  as  to 
fit  it  for  entering  readily  into  the  roots  in  a  proper  stale  of  dilution,  when 
the  retentive  subsoil  kept  it  within  reach  of  the  roots,— and  yet  suffi- 
cient, at  ihe  same  time,  to  wash  it  away  altogether  where  the  soil  and 
subsoil  were  too  open  to  be  able  to  retard  its  passage. 

3°.  But  ihe  occasional  occurrence  of  droughts  or  the  meie  physical 
distinctions  of  lands  as  light  or  heavy,  are  not  sufficient  to  account  Sac , 
all  the  recorded  differences  in  the  enect  of  the  nitrates.  Thus  on  the 
clays  of  the  Weald  in  Sussex  (Mr.  Dewdney),  and  on  the  Osfind  clay 
in  Berkshire  (Mr.  Pusey),  the  use  of  the  nitrate  has  been  attended  with 
eeneral  benefit  upon  oats  and  wheat,  while  on  the  plastic  clay  in  Surrey 
(Mr.  Barclay),  it  has  been  uniformly  unsuccessfijl.  The  cause  of  these 
difierences  is  to  be  sought  for,  most  probably,  in  the  chemical  constitn* 
tion  of  the  ^veral  clays,  which  are  known  to  be  very  unlike.  The 
Weald  clay  is  a  fresh  water  formation,  contains  much  fine  grained  sili- 
ceous matter  (Lee.  IX.,  §  8),  and  is,  therefore,  comparatively  pervious  to 
water.  The  Oxford  clay  soib  in  Berkshire  abound  in  lime,  and  must, 
therefore,  he  in  some  degree  pervious,  while  the  plastic  clay  of  Surreyt 
where  they  are  stiflfest,  contain  little  lime  and  partake  more  of  the  im- 
pervious character  of  pipe  clays.  It  may  possibly  be  in  such  difierences 
as  these  that  we  are  to  find  an  explanation  of  the  discordant  results  of 
different  experimenters,  but  much  further  observation  is  still  wanting 
before  we  can  speak  with  any  degree  of  confidence  upon  the  subject. 

To  some  an  explanation  may  appear  to  be  most  easily  given  by  sup- 
posing the  one  soil  to  have  been  rich  in  soda,  while  the  other  was  de- 
fective in  this  substance.  I  shall  advert  to  this  point  in  explaining  the 
iheory  of  the  action  of  the  nitrates  of  potash  add  soda. 

^.  Circumstances  in  tokich  the  employmenl  of  the  nitraUe  is  most  heme* 
jEctaZ.— 1^.  It  appears  to  succeed  most  invariably  in  lands  which  are 
poor— or  out  of  condition-— or  on  which  the  com  is  thin.  Every  farmer 
knows  that  the  most  critical  time  with  his  crop,  as  with  his  cattle,  is 
during  the  earliest  stage  of  its  growth.  If  it  come  away  quickly  and 
strong  during  the  first  few  weeks,  his  hopes  are  justly  hign,  but  if  it 
droop  and  linger  after  it  is  above  the  ground,  his  fears  are  as  justly  ex- 
cited. It  is  in  this  lauer  condition  of  things  that  an  addition  of  nitrate 
comes  to  the  aid  of  the  feeble  plant,  re-animating  the  pining  shoots,  and 
making  the  thin  com  riller.  On  rich  lands  and  thickly  growing  crops 
it  only  causes  an  over-growth  of  already  abundant  straw.  According 
to  the  experiments  of  Mr.  Barclay,  it  is  most  advantageous  when  sown 
broad-cast.* 

2°.  Whatever  may  be  the  chemical  nature  of  the  surface  soil,  the 
success  of  the  nitrate  seems  to  be  most  sure  where  the  land  is  not  wholly 
destitute  of  water,  where  the  soil  is  open  enough  to  allow  it  readily  to 

*  A  Tsloable  preoepc  alflo  is,  to  proeMd  eauttondy  Id  tha  ute  of  thase  ezpcniiTe  mb' 
■lance*— iDAkink  unall  trials  at  fir«t,aDd  iocreaaiog  tha  quaniitiea  employed  aa  aucceas  may 
warrant.    By  this  mode  of  procedure  large  loaaea,  of  which  1  have  beard,  would  haTe  beea 

arolded.  uigmzeu  oy  0<'vyv>'^i>^ 
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deaceod,  and  yet  the  subsoil  sufficiently  retentive  to  prevent  it  &om 
being  readily  washed  away. 

3°.  I  throw  it  out  as  a  suggestion  which  has  occurred  to  me  from  a 
comparison  of  the  results  contained  in  the  above  tables,  with  the  kind 
of  soils  on  which  the  expenments  were  made — that  probably  the  pre- 
sence of  lime  in  the  soil  may  tend  to  insure  the  success  of  the  nitrate. 
In  many  of  the  instances  of  large  crops  obtained  by  its  aid  the  land  was 
either  naturally  rich  in  lime,  or  it  had,  in  the  ordinary  course  of  hus- 
bandry«  been  previously  marled  or  limed. 

h.  Theory  of  the  action  of  tJu  nitraUs. -^The  nitric  acid  of  these  salts 
contains  26  per  cent,  of  its  weight  of  nitrogen— or  one  cwt.  of  pure  dry 
nitrate  of  scxla  contains  about  19  lbs.  of  nitrogen.  This  nitrogen  we 
know  to  be  a  necessary  constituent  of  plants— one  which  they  obtain 
almost  wholly  from  the  soil — ^but  which  nevertheless  is  generally  present 
in  the  soil  in  small  quantity  only.  We  have  already  seen  reason  (Lee. 
VIII.,  §  6),  to  believe  that  nitric  acid  exists  naturally  m  the  soil,  and  is  the 
(brm  in  which  a  large  portion  of  their  nitrogen  is  conveyed  into  the  roots 
of  plants ;— when  we  add  it  to  our  fields,  therefore,  we  only  aid  nature 
in  supplying  a  compound  by  which  vegetables  are  usually  sustained. 
And  as  tne  young  plant  will  necessarily  languish  in  the  absence  of  one 
essential  kind  of  food,  although  every  other  kind  it  may  require  be  pre- 
sent in  abundance,  it  is  easy  to  see  how  the  growth  of  a  crop— languidly 
proceeding  upon  a  soil  deficient  in  nitrogen — may  be  suddenly  re-ani- 
mated  by  an  application  of  nitrate  of  soda  to  its  ruuts.  That  this  is  the 
true  way  in  wnich  the  nitrates  generally  act  is  supported  by  the  observa- 
tion that  it  is  in  the  poorest  scils  that  they  are  most  useful  to  the  husband- 
man. 

We  have  already  seen  also,  that  one  function  of  the  leaf  in  the  pre« 
aence  of  the  sun  is  to  decompose  carbonic  acid,  and  give  off  its  oxygen 
(Lee.  v.,  §  5).  It  exerts  a  similar  action  upon  the  nitric  acid  of  the 
nitrates,  and  upon  the  sulphuric  acid  of  the  sulphates,  discharging  their 
oxygen  into  the  air,  and  thus  leaving  the  nitrogen  and  sulphur  at  liberty 
to  unite  with  the  other  elementary  substances  contained  in  the  sap— for 
the  production  of  the  several  compounds  of  which  the  parts  of  the  grow- 
ing plant  consist. 

Nor,  as  shewn  in  a  previous  lecture,  (VIII.,  J  8,)  is  the  good  efiectof 
these  nitrates  upon  the  crop  limited  to  the  supply  of  that  quantity  Qf 
nitrogen  only  which  they  themselves  contain.  The  excess  of  crop 
raised  by  their  aid  often  contains  very  much  more  nitrogen  thau  they 
have  been  the  means  of  conveying  to  the  roots— even  supposing  it  sSl 
to  have  been  absorbed  and  appropriated  by  the  plant.  This  arises  from 
the  circumstance  that  the  more  the  plant  is  made  to  thrive,  the  more  nu-^ 
nierous  and  extended  become  its  roots  also,  and  these  roots  are  thus 
enabled  to  gather  fVom  the  deeper  and  more  distant  soil  those  supplies 
of  nitrogenous  and  other  necessary  fixxl,  which  would  have  remained 
beyond  their  reach  had  the  plant  been  allowed  to  remain  in  its  pre- 
viously feeble  or  more  languid  condition.  This  has  been  called  the 
stimulating  effect  of  manures,  and  some  substances  have  been  said  to 
aot  oTily  in  this  way  upon  vegetation.  This,  however,  appears  to  me  to 
be  a  mistake,  The  supposed  stimulating  is  always  a  secondary  effect, 
and  necessarily  follows  from  the  use  of  evrry  kind  of  manure,  which  by 
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(Ceding  the  plant  gives  it  greater  strength,  and  thus  enables  it  to  appro- 
priate other  supplies  of  fowl  which  were  previously  beyond  its  reach,  or 
which  from  the  absence  of  one  necessary  constituent  it  could  not  render 
available  to  its  natural  growth. 

In  this  way  the  nitrates  act  as  snch^n  contra-distinction  to  the  sul- 
phates and  other  salts  of  potash  and  soda.  But  there  is  every  reason  to 
believe  that  the  potash  and  soda  themselves  oflen  aid  the  effect  of  the 
nitric  acid  with  which  they  are  associated.  In  soils  deficient  in  these 
alkalies  the  nitrates  would  act  b?nefioiany,  even  though  nitric  acid  were 
already  present  in  abundance, — while,  on  the  other  hand,  a  field  that  is 
defective  in  both  constituents  of  the  salt  (niiric  acid  and  potash  or  soda), 
will  be  more  grateful  fopthe  same  addition  of  it  than  one  in  which  either 
of  them  already  abounds.  In  this  way,  it  is  not  unlikely  that  the  dis- 
cordant results  of  experiments,  even  on  the  same  farm,  and  especially 
when  the  soils  are  difiereni,  may  occasionally  be  explained. 

t.  Special  effects  of  the  nitrates  of  potash  an<^«0(ia.— On  this  alkaline 
constituent  of  the  two  nitrates  will  aepend  the  speciat  action  of  each 
when  applied  to  the  same  soil  under  the  same  circumstances.  It  has 
not  yet  been  clearly  made  out  that  any  definite  special  action  can  be 
ascribed  to  them,  yet  some  experiments  bearing  upon  this  point  have 
already  been  published,  to  which  it  will  be  proper  to  advert.  From  the 
study  of  the  special  action  of  given  manures  upon  given  crops,  practical 
agriculture  has  much  good  to  expect. 

1°.  At  Rozelle,  near  Ayr  (1840),  nitrate  of  potash  caused  oats  to 
come  away  darker  and  stronger,  and  give  a  heavy  crop,  while  in  the 
snme  field  nitrate  of  soda  produced  no  benefit.  The  soil  was  inferior, 
light,  and  sandy,  with  a  red  irony  subsoil  (Capt.  Hamilton).  It  is  add^ 
that  the  crop  was  injured  by  the  early  drought,  from  which  it*never  re- 
covered. This  fact  renders  the  special  effect  of  the  nitrate  of  potash  in 
this  case  doubtful. 

2*^.  In  the  experiments  upon  wheat,  made  by  the  same  gentleman 
on  the  same  farm, — it  is  to  be  presumed  upon  a  similar  soil. 

Nitrate  of  soda  gave     .     .  46  bush,  grain,  and  52  cwt.  straw ; 

Nitrate  of  potash  gave .     .  42  bush,  grain,  and  76  cwt.  straw ; 

the  produce  of  straw  bein^  here  also  greatly  in  favour  of  the  potash  salt. 

3^.  Dr.  Daubeny  also,  m  the  experiment  upon  wheat  above  detailed, 
found  the  nitrate  of  potash  to  increase  the  produce  considerably  while 
the  nitrate  of  soda  caused  no  increase  whatever.  The  soil  was  stiff  clay 
upon  the  corn-brash. 

These  superior  eOects  of  the  potash  salt  may  certainly  be  ascribed  to 
the  greater  deficiency  of  the  several  soils  in  potash  than  in  soda,  a  sup- 
position which  in  the  case  of  the  Rozelle  experiment  is  consistent  with 
the  fact,  that  common  salt,  when  tried  upon  the  same  land,  produced  no 
g(X)d  effect.  If  however,  as  some  suppose,  (p.  328),  potash  and  soda  are 
capable  of  re-placing  each  other  In  the  living  vegetable  without  materi- 
ally affecting  its  growth,  this  explanation  cannot  be  the  true  one.  Fur- 
ther experiments,  however,  if  carefully  conducted,  will  not  fkil  to  clear 
up  this  question. 

4^^.  On  a  gravelly  soil  Mr.  Dugdale  obtained  an  increase  of  12  bushels 
of  wheat  by  the  use  of  nitrate  of  sodai  while  nitrate  of  potash  increased 
the  crop  by  only  half  a  bushel. 
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This  result  may  be  ezplaioed  after  the  same  manner  as  the  preceding 
—the  soil  may  have  already  aboondod  in  potash. 

5^.  In  Pextnshire,  npon  a  moist  loam,  Mr.  Bishop  obtained  an  eqnal 
increase  of  hay  from  the  nse  of  both  nitrates  ;  each  having  caused  the 
production  of  a  double  crop. 

The  equality  in  this  case  may  have  risen  from  the  effects  being  whoITy 
due  to  ^e  nitric  acid,  both  potash  and  soda  being  afready  abundant  in 
the  soil.  This  is  consistent  with  the  situation  of  the  locahty  in  a  gnmile 
country,  and  is  further  supported  by  the  fact,  that  on  the  same  soil  and 
field,  ammoniacal  liquor,  which  contains  no  alkali,  produced  a  still  larger 
increase  of  produce. 

You  will  understand,  however,  that  all  these  attempted  explanations 
proceed  upon  the  supposition  that  the  experiments  have  been  both  care- 
fully made  and  faithfully  recorded. 

7^.  Chloride  ofSodinm  or  Common  SttU.^^The  use  of  common  salt  as 
a  manure  has  beeta  long  recommended.  In  some  districts  it  has  been 
highly  esteemed,and  is  still  extensively  and  profitably  appliedto  the  land. 
It  has,  like  many  other  substances,  however,  suffered  in  general  estima- 
don  firom  the  unqualified  terms  in  which  its  merits  have  been  occa- 
sionally extolled.  About  a  century  a^  (1748),  Brownrigg*  maintained 
that  die  whole  kingdom  might  be  enriched  by  the  application  of  com- 
mon salt  to  the  soil,  and  since  his  time  its  use  has  been  at  intervals 
recommended  in  terms  of  almost  equal  praise.  But  these  warm  recom- 
mendations have  led  sanguine  men  to  make  large  trials,  which  have  occa- 
sionally ended  in  disappointment,  and  hence  the  use  of  salt  has  repeat- 
edly  fallen  into  undeserved  neglect. 

tt  is  certain  that  common  salt  has  in  very  many  cases  been  advanta^ 
geous  to  the'erowing  crop.  Some  of  the  more  carefully  observed  results 
which  have  hitherto  been  published,  are  contained  in  the  following  table : 


LocaUty. 

ProOuoe  par  Bcnj 

OiMtittHt  iinnllMl  nftr  mt^rm    mnA   kin<1  nf  maII 

UDsalted 

Saltad. 

OrOtf  WKBAT. 

Mr,  Q.  Smdair,     \ 

Great  Totham,E88«x.  ( 
Mr,  Cuih.  Johnson,    S 
Baiochan,  Paisley,   ) 
3fr.  Fleming. 

buehelB. 
16J 

lU 
16 

13 

15* 
35 

bushels 
33i 
31 

ni 

28i 
381 

36i 
33 

11  bushels,  after  bariey. 

6i       do.,     aOer  beans. 

Do.  sown  vrith  the  seed,    1  after 

Do.  dug  in  with  the  seed,  (  peas. 

5 1  do.  applied  before  sowing,  1     after 

11  do.,    do.,           do.          )  turnips. 

5  bushels,  light  gravelly  soil 

160  lbs.,  heavy  loam,  after  potatoes. 

on  BABLBT. 

Suffolk,  Mr.  Ransom, 

30 

51 

16  bushels. 

At  Aske  Hall,  near 

Richmond. 

At  Erskine,  near 

Renfipew. 

eoiia.cwt 

3    10 

3     0 
3     1 

teii.ewt 

3  18 

3  13 
3    8 

6  bushels,  thin  lig^t  soil,  clay  sub- 
soil, 
5  bushels,  MAi  soil  on  giaveL 
Do.,  clay  sou  on  clay. 

*  On  the  art  of  mahing  common  saU^  p.  168  (London,  1748Xf . 
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But  it  is  as  certain  that  in  many  case.*,  when  applied  to  the  land,  com- 
men  salt  has  failed  to  produce  any  sensible  iraprovement  of  the  growing 
crop.  And  as  failures  are  long  remembered,  and  more  generally  made 
known  than  successful  experiments,  the  fact  of  their  frequent  occurrence 
has  prevented  the  use  of  salt  in  many  cases  where  it  might  have  been 
the  means  of  much  good. 

Cause  of  these  failures. — It  is  not,  indeed,  to  be  wondered  at,  that 
amid  conflicting  statements  as  to  its  value,  the  practical  farmer  should 
have  hesitated  to  incur  the  trouble  and  expense  of  applying  it— -so  long 
as  no  principle  was  made  known  to  him  by  which  its  a))pUcation  to  this 
soil  rather  than  to  that,  and  in  this  ratlier  than  the  other  locality,  was  to 
be  regulated. 

1^.  We  know  that  plants  require  (or  their  sustenance  and  growth  a 
certain  supply  of  each  of  rho  constituents  of  common  salt,  which  supply, 
in  general,  they  must  obtain  frtmi  the  soil.  If  the  soil  in  any  field  con- 
tain naturally  a  sufficient  quantity  of  common  salt— or  of  chlorine  and 
soda,  in  any  other  state  of  combination — it  will  be  unnecessary  to  add 
this  substance,  or,  if  added,  it  will  produce  no  beneficial  effect.  If,  on 
the  other  hand,  the  soil  contain  little,  and  has  no  natural  source  of  sup- 
ply, the  addition  of  salt  may  cause  a  considerable  increase  in  the  crop. 

"Now  there  are  certain  localities  in  which  we  can  say  beforehand  that 
common  salt  is  likely  to  be  abundant  in  the  soil.  Such  are  the  lands 
that  lie  along  the  sea  coast,  or  which  are  exposed  to  the  action  of^pre- 
vailing  sea  winds.  Over  such  districts  the  spray  of  the  sea  is  constant- 
ly borne  by  the  winds  and  strewed  upon  the  land,  or  is  lifted  high  in  the 
air,  from  which  it  descends  afterwards  in  the  rains.*  This  considerationt 
therefore,  affords  us  the  important  practical  rule  in  regard  to  the  appli- 
cation of  common  salt — that  it  is  mast  likely  to  be  henejfnalin  spots  tcAtdk 
are  remoUfrom  the  sea  or  are  sheltered  from  (tie  prevailing  sea  vsinds. 

It  is  an  mteresting  confirmation  of  this  practical  rule,  that  nearly  all 
the  successful  experiments  above  detailed  were  made  in  localities  more 
or  less  remote  from  the  sen,  while  most  of  the  failures  on  record  were 
experienced  near  the  coast.  This  consideration,  it  may  be  hoped, 
will  induce  many  practical  men  to  proceed  with  more  confidence  in 
making  trial  of  its  effects  on  inland  situations.  It  is  very  desirable  that 
the  value  of  this  ])ractical  rule,  which  I  suggested  to  you  in  a  former 
lecture  (Lee.  IX.,  §  4.),  should  be  put  to  a  rigorous  test.f 

2^.  But  some  plants  are  more  likely  to  be  benefitted  by  the  applica- 
tion of  common  salt  than  others.  This  may  be  inferred  from  the  fact 
that  certain  species  are  known  to  flourish  by  the  sea-shore,  and  where 
they  grow  inland  to  select  such  soils  only  as  are  naturally  impregnated 
with  much  saline  matter.     Observations  are  still  wanting  to  show  which 

*  Dr.  Mftdden  has  calculated  that  (he  quanflty  of  ratn  whtefi  lUta  at  Pentcntct  tin  A  Tflir, 
brtnga  down  upon  each  acre  of  land  in  that  oelghborhood  more  than  600  ibe.  weifhc  of 
common  aalL  Thia  would  be  an  enormous  dreeainr  w«re  It  all  to  remain  npon  tl»e  bad. 
HeaT/  raina*  however,  probably  carry  off  more  fmrn  the  soil  than  they  imput  to  it  It  is 
the  rem  In  showers  thai  most  enricli  the  fielda  with  the  saline  and  other  matters  they  eoo- 
talo. 

1  A  number  of  failHres  are  described  in  the  sixth  volume  of  the  **  Trtmaaeticfna  qf  th€ 
RighlMui  and  Agricultural  Society."  Dr.  Madden  has  recently  shown  that  to  neanjall 
these  caa^N  the  abttve  principle  apDTies-~the  farms  on  which  they  were  tried  b4>ing  more  or 
less  freely  (>zpoaed  (o  the  Winds  from  the  eastor  wait  sea.— QHar/erfyJiPiiniat^J^rtail» 
tKr%,  Sept.  184S,  p.  674. 
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of  oar  coidvaced  crops  »  mcMt  faroured  by  common  salt.  It  is  known, 
however,  that  the  grass  of  salt  marshes  is  peculiarly  noorishing,  and  is 
much  relished  by  cattle,  and  that  the  grass  lands  along  various  parts  of 
onr  coast  produce  a  herbage  which  possesses  similar  properties.  It  is 
said  also  that  the  long  tussock  prass  which  covers  the  Falkland  Islands, 
Inznriates  most  when  it  is  within  the  immediate  reach  of  the  driving 
spray  of  the  southern  sea.  It  may  well  be,  therefore,  that  among  our 
caltivated  crops  one  may  delight  more  in  common  salt  than  anoi&r,— 
and  if  we  consider  how  much  alkaline  matter  is  contained  in  the  tops 
and  bulbs  of  the  turnip  and  the  potatoe,  we  are  almost  justified  in  con- 
doding  that  generally  common  salt  will  benefit  nreen  crops  more  than 
crops  at  com,  and  that  it  will  promote  more  the  development  of  the 
leaf  and  stem  than  the  filling  of  (he  ear. 

If  this  be  so,  we  can  readily  understand  how  a  soil  may  already  con- 
tain abundance  of  salt  to  supply  with  ease  the  wants  of  one  crop,  and 
yet  too  little  to  meet  readily  the  demands  of  another  orop.  The  appli* 
cation  of  salt  to  such  a  soil  will  prove  a  failure  or  otherwise,  accordmg 
to  the  kind  of  crop  we  wish  to  raise. 

30.  Failures  have  sometimes  been  experienced  also  on  repeating  the 
application  of  salt  to  fields  on  which  its  first  effects  were  very  favour- 
able. In  such  cases  it  may  be  presomed  that  the  land  has  been  already 
aopplied  with  salt,  sufficient  perhaps  for  many  years*  consnmptioBt— 
and  that  it  now  requires  the  application  of  some  other  substance. 

If  it  be  desired,  experimentally,  to  ascertain  whether  the  land  already 
coDtaios  a  sofficient  supply  of  common  salt,  the  readiest  method  is  to 
collect  half  a  pound  of  the  soil  in  dry  weather,  to  wash  it  well  with  a  pint 
or  two  of  cold  distilled  water,  and  then  to  filter  throogh  paper,  or  earo- 
fully  to  pour  off  the  clear  liquid  after  the  whole  of  the  soil  has  been  al- 
lowed to  subside.  A  solution  of  nitrate  of  silver  (common  lunar-eaus- 
iic  of  the  shops)  will  throw  down  a  white  precipitate,  becoming  parpla 
in  the  sun,  which  will  be  more  or  less  copious  according  to  the  quantity 
of  salt  in  tha  soil.  If  this  pedpitate  be  collected,  dried  in  an  oven, 
and  weighed,  every  10  grains  will  indicate  very  nearly  the  presence  of 
4  grains  of  common  salt.  The  quantity  of  this  precipitate  to  be  expect- 
ed, even  fiiom  a  soil  rich  in  common  salt,  is,  however,  very'small.  If 
half  a  pound  of  the  dry  soil  yield  a  single  grain  of  salt,  an  acre  should 
contain  about  1000  lbs.  of  salt  where  the  soil  is  12  inches  deep— where  it 
has  a  depth  of  only  6  inches  it  will  contain  nearly  500  lbs.  in  every  acre. 

8<>.  adorides  of  Calcium  and  Jlfa^rn^ntim.— These  compounds  are 
rejected  in  lai^e  quantities  as  a  refiise  m  some  of  our  chemical  manu- 
factories—and  they  are  contained,  especially  the  latter,  in  considerable 
abundance  in  the  refuse  liquor  of  our  salt  pans.  They  have  both  been 
shown  to  be  useful  to  vegetation  (see  Appendix),  and  where  they  are 
easily  to  be  obtained,  they  are  deserving  of  further  trials.  Like  com- 
mon salt,  it  is  generally  in  inland  situations  that  they  are  fitted  to  be 
the  most  osefal.  WWere  salt  springs  are  found  in  the  interior  of  Oer- 
many,  the  refuse  obtained  by  boiling  down  the  mother  liquors  after  the 
separation  of  the  salt  has  been  often  applied  with  advantage  to  the  land. 

Theory  of  As  actum  of  these  Mondes.^-Common  salt  and  the  cblo* 
rides  of  calcium  are  not  unfrequently  found  in  the  sap  of  plants— they 
may  be  supposed,  therefore,  to  enter  into  the  roots  without  necessarily 
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undergoing  any  previous  decompotttioii.  But  we  have  already  Men  (Lee. 
v.,  §  5),  that  the  green  leaves  under  ibe  inftuence  of  the  sun,  have  the 
power  of  decomposing  coromon  salt<^and  no  doubt  the  other  chlorides 
also— and  of  giving  of*  their  chlorine  iDto  the  surrounding  air.  When 
they  have  been  introduced  into  the  sap  therefore,  by  the  roots,  the  plant 
first  appropriates  so  roucb  of  the  chlorine  they  contaio  as  is  necesaary 
for  the  supply  of  its  natural  wants,  and  evolves  the  rest.  When  commoa 
salt  is  thus  decomposed,  soda  remains  behind  in  the  sap,  and  this  is 
either  worked  up  into  the  substance  of  the  plant,  or  neHbrms  one  or 
other  of  those  indirect  functions  1  have  already  explained  to  you  (p.  388) 
when  illustrating  the  probable  action  of  potash  and  soda  upon  the  vege- 
table economy.  When  the  other  chlorides  (of  calcium  or  magnesium) 
are  decomposed,  lime  or  magnesia  remains  in  the  sap,  and  is  in  like 
manner  either  used  up  directly  in  the  formation  of  the  young  stem  and 
seed,  or  is  employed  indirectly  in  promoting  the  chemical  chisngea  thai 
are  continually  going  on  in  the  sap.  The  living  plant,  when  m  a  healthy 
state,  is  probaoly  endowed  with  the  power  of  admitttng  into  its  cireula* 
tion,  and  of  then  decomposing  and  retaining,  so  much  only  of  these 
several  chlorides,  or  of  their  constituents,  as  is  fitted  to  enaUe  its  several  ■ 
organs  to  perform  their  functions  in  the  most  perfect  manner. 

In  the  soil  itself,  in  the  presence  of  organic  matter  of  animal  and 
vegetable  origin,  ooramon  salt  is  fitted  to  promote  certain  chemical 
changes,  such  as  the  production  of  alkaline  nitrate»-"4nd  probably  sili^ 
cates— by  which  the  growth  of  various  kinds  of  plants  is  in  a  greater  or 
less  degree  increased.  In  the  soil,  also,  from  their  tendency  to  deli* 
qucsce,  or  run  into  a  liquid,  all  these  chlorides  attract  water  from  the  air, 
and  thus  help  to  keep  the  soil  in  a  rooister  state.  When  applied  in 
sufficient  quantity  they  destrc^  both  animal  and  vegetable  life,  and 
have,  in  consequence,  been  oAen  used  wi^  advantage  for  the  extir* 
pation  of  weeds,  and  for  the  destruction  of  grubs  and  other  vermin  that 
mfost  the  land. 

9^.  PkotpkaU  of  Imm  and  Earth  of  B(m««.— Tbe  cattle  that  grass 
in  our  fields  derive,  as  you  know,  all  the  earthy  materials  of  which  eer* 
tain  parts  of  their  bodies  consist  from  the  vegetables  on  which  they  feed* 
These  vegetables  again  must  derive  them  from  the  soil.  Thus  the  earth 
of  bones,  or  the  phosphoric  acid  and  lime  of  which  it  consists  (Lee.  IX», 
\  4),  must  exist  in  the  soil  on  which  nutritive  plants  grow,  and  it  must 
occasionally  occur  that  a  soil  will  be  deficient  in  these  substances,  and 
will,  therefore,  supply  them  with  difficulty  to  the  crops  it  roars.  The  bene- 
fit which  in  this  country  is  so  often  experienced  from  the  use  of  bones  as  a 
manure,  has  been  ascribed,  in  parU  to  the  supply  of  bone-earth,  with 
which  it  enriches  the  land.*  It  is  not,  however,  lo  be  inferred  from  this, 
that  wherever  bones  are  useful,  the  application  ofbone-earth  alooe^in  the 
form  of  burned  bones,  or  of  the  native  phosphate  of  lime  (Lee.  IX.  §  4,) 
willj  necessarily  prove  advantageous  also.  Burned  bones  were  former^ 
ly  employed  in  England,  but  the  practice  has  gi4doalIy  fallen  into  dis^ 
use,  and  the  same  is,  I  believe,  the  case  in  Germany.  This  is  no  proo( 
however,  that  the  native  phosphate  of  Estremadura— >already,  it  is  said, 
imported  into  Ireland  for  agricultural  purposes,-— would  not  benefit  many 

•  Bee  Appendix,  No  L  r^  T 
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aQtUif  a|ipUed  in  the  state  of  a  safficiently  fine  powder.  Until  carefully 
conducted  experhnents,  however,  shall  have  been  made,  and  the  name- 
ricai  resahs  precisely  ascertained,  it  would  be  improper  to  incur  much 
riak  either  in  bringing  this  substance  to  our  shores  or  in  applying  it  to 
our  fields. 

10^.  Silicates  of  Potash  and  Soda.^^These  compounds,  which  have 
been  already  described  (Lee.  X.,  §  1),  are  supposed  to  act  an  important 
part  in  the  growth  of  the  grasses,  and  of  the  corn-bearing  plants,  by  sup- 
plying, in  a  soluble  state  to  the  roots,  the  silica  which  is  so  necessary 
to  the  strength  of  their  stems.  This  supposition  has  been  stren^ened 
by  the  results  of  some  experiments  made  by  Laropadius,  who  round  a 
solution  of  silicate  of  potash  to  produce  remarkable  effects  upon  Indian 
com  and  upon  rye.*  It  is  possible  to  manufacture  them  at  a  cheap  rate, 
and  it  would  be  desirable  to  ascertain  by  further  trials  how  far  the  em- 
ployment of  these  compounds,  as  artificial  manures,  can  be  safely  re- 
commended or  adopted  with  the  hope  of  remuneration.f 

11^.  Salts  of  Ammonia. — There  is  reason  to  believe  that  ammonia  in 
every  state  or  combination  is  fitted,  in  a  greater  or  less  degree,  to  pro- 
mote the  growth  of  cultivated  plants.  None  of  its  compounds,  bow- 
ever,  are  known  to  occur  any  where  in  nature  in  such  quantity  as  to  be 
directly  available  in  practical  agriculture,  and  only  a  very  few  can  be 
produced  by  art  at  ao  low  a  price  as  to  admit  of  their  bemg  used  with 
profit. 

a.  Std^pkate  ofJmnumia. — ^An  impure  sulphate  is  manufactured  by 
adding  sulphuric  acid  to  fermented  urine,  or  to  the  ammoniacal  liquor 
of  die  ^  works,  and  evaporating  to  dryness.  When  prepared  from 
urine,  it  contains  a  mixture  of  those  phosphates  which  exist  in  urine, 
and  which  ought  to  render  it  more  valuable  as  a  manure.  The  gas 
lioaor  yields  a  sulphate  which  is  blackened  by  coal  tar—a  substance 
which,  while  not  injurious  to  vegetation,  is  said  to  be  noxious  to  the 
insects  that  infest  our  corn  fields.  In  any  of  these  economical  forms  this 
salt  has  been  found  to  promote  vegetation;  but  accurate  experiments 
are  yet  wanting  to  show  in  what  way  it  acts— whether  in  promoting  the 
growth  of  the  green  parts  or  in  filling  the  ear,  or  in  both — to  what  kind 
of  crops  it  may  be  applied  with  the  greatest  advantage — and  what 
amount  of  increase  noay  be  expected  from  the  application  of  a  given 
weight  of  the  salt.  It  is  from  the  rigorous  determination  of  such  points 
that  the  practical  farmer  will  be  able  to  deduce  the  soundest  practical 
ptrecepts,  and  at  the  same  time  to  assiBt  most  in  the  advancement  of 
theoretical  agriculture. 

The  crystallized  sulphate  of  ammonia  is  soluble  in  its  own  weight  of 
water.  100  lbs.  contam  about  35  lbs.  of  ammonia,  53  lbs.  of  acid,  and 
12  lbs.  of  water.  It  may  be  applied  at  the  rate  of  from  30  lbs.  to  60  lbs. 
per  acre. 

^.  Sal-Ammoniac  or  Muriate  of  Ammowia.'^ThiB  salt,  in  the  pure 
state  in  which  it  is  sold  in  the  shops,  is  too  high  in  price  to  be  eoonomi- 
caUy  employed,  by  the  practical  former.    An  impure  salt  might,  how- 

*  L^tkrt9€ndmmimrdliKkenDimgmiiUln,V-2^a9a»). 

t  I  have  twen  Informed  by  Dr.  Play&ir  that  a  nombcr  of  ezperimenta  with  a  aolubla 
liiicate  of  soda,  mamifiictttred  at  Manchester,  have  thla  aiimmer  (1842)  been  made  at  his 
•DCfeatiMi,  the  reaiiha  of  which  wOl,  no  doubt,  prove  very  Interesting. 
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ever,  be  prepared  from  the  gas  liquor,  which  could  be  sold  atamfficiently 
cheap  rate  to  admit  of  an  extensive  application  to  the  land.*  The  only 
numerical  results  from  the  use  of  this  salt  with  which  I  am  acquainted, 
are  those  given  by  Mr.  Fleming,  who  applied  it  at  the  rate  of  20  lbs. 
per  acre  to  wheat  on  a  heavy  loam,  and  to  winter  rye,  on  a  tilly  clay, 
both  after  potatoes,  and  obtained  the  following  increase  of  produce  per 
acre:-» 

Onln.  SCnw. 

Rte,  undressed    .     14    bushels.  36i  cwt. 

Do.    dressed    .     .     19        do.  43|   do. 


Increase    ...      5    bushels.  7    cwt. 

Whkat,  undressed    25    bushels,  each  61  lbs. 
Do.       dressed   •    26|  bushels,  each  62  lbs. 


Increase    ...      1^  bushels. 

The  increase  of  these  experiments  was  not  very  large,  but  the  quan- 
tity of  sal-ammoniac  employed  was  probably  -not  great  enough  to  pro- 
duce a  decided  efieet.  It  is  a  valuable  fact  for  the  farmer,  however,  and 
not  uninteresting  in  a  theoretical  point  of  view,  that  a  part  of  the  same 
wheat  field,  dressed  with  1|  cwt.  of  common  salt  per  acre,  gave  a  pro- 
duce of  40  husheU  of  grain  (see  Appendix,  No.  II.) 

c.  Carbonate  of  Ammonia'^vs  obtained  in  an  impure  form  by  the  dis- 
tillation of  horns,  hoo&,  and  even  bones.  In  this  impure  form  it  is  not 
generally  brought  into  the  market,  but  in  this  state  it  might  possibly  be 
aflbrded  at  so  low  a  price  as  to  place  it  within  the  reach  of  the  practical 
farmer.  It  is  supposed  by  some  that  this  carbonate  is  too  volatile—or 
rises  too  readily  in  the  form  of  vapour— to  be  economicaUy  applied  to 
the  land.  In  the  form  of  a  weak  solution,  however,  put  on  by  a  water 
cart,  or  in  moist  showery  weather  simply  as  a  top-dressing,  especially 
So  grass  lands  and  on  light  soils,  it  may  be  safely  recommended  where 
it  can  be  cheaply  procured. 

d.  Amnwniacal  Lt^tior.-— This  is  proved  by  the  succees  which  has  in 
many  localities  been  found  to  attend  the  application  of  the  ammoniacal 
liquor  of  the  gas  works.  This  liquid  holds  in  solution  a  variable  quan- 
tity of  sulphate  of  amnxmia  and  of  sal-ammoniac, f  but  in  general  it  is 
richest  in  the  carbonate  of  ammonia. 

The  strength  of  the  liquor  varies  in  difierent  gas  works;  chiefly  ac- 
cording to  the  kind  of  coal  employed  for  the  manufacture  of  the  gas. 
One  hundred  gallons  may  contain  from  20  lbs.  to  40  lbs.  of  ammonia, 
in  one  or  other  of  the  amive  states  of  combination.  No  precise  rule, 
therefore,  can  be  given  for  the  quantity  which  ought  to  be  applied  to  the 
acre  of  land,  but  as  the  application  of  a  larger  quantity  can  do  no  harm, 
provided  it  be  sufficiently  diluted  with  water,  one  hundred  gallons  may 
be  safely  put  on  at  first,  and  more  if  experience  should  afterwards  prove 
it  to  be  useful. 

On  grass  and  clover,  upon  a  heavy  moist  loam,  Mr.  Bishop  applied 

*  B7  mixiQf ,  for  example,  Uie  waete  mnrtetio  add,  or  the  waete  chloride  ofealchiB,  with 
gas  liquor,  and  eTaporating  the  mixlore  to  dry  nesa. 

t  Each  fallen  of  the  ammoniacal  liquor  of  the  Mancheeter  fae-woriu  le  eaid  to  contain  2 
ounces  of  Sal  Ammoniac    lo  theae  worka  the  Cannel  coal  oi  Wlgan  la  employed. 
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105  gaHoDfl  aa  acre,  dUated  with  500  gallooB  of  water,  and  obtainedi  of 
hay,  from  the 

Undressed  ...    |  lb.  per  square  yard,  or  20|  cwt.  per  acre. 

Dressed    ....  1|  lb.  do.  or  61|  cwt.      do. 


Increase  ...  1    lb.  do.  or  41    cwt.*    do. 

The  increase  here  is  so  very  great  that  farther  trials  with  this  liqnor— 
hitherto,  in  most  country  towns  at  least,  allowed  to  run  to  waste— cannot 
be  too  strongly  recommended.  On  the  dressed  part,  according  to  Mr. 
Bisbop,  the  Timothy  grass  was  particularly  luxuriant. 

These  experiments  with  the  gas  liquor  show,  as  I  have  said,  that  im- 
pure carbonate  of  ammonia  may  be  safely  applied  to  the  land  without 
any  previous  preparation.  If  it  is  wished,  however,  to  fix  it  or  to  ren- 
der it  less  volatile — ^which  in  warm  and  dry  seasons  may  sometimes  be 
desirable-— tliis  may  be  efiected  by  mixing  it  wiih  powdered  gygpum,  in 
the  proportion  of  I  lb.  to  each  gallon  of  the  ammoniacal  liquor,  or  by 
adding  directly  sulphuric  acid,  or  the  waste  of  muriatic  acid  of  the  al- 
kali works,  f 

e.  Nitrate  of  Ammonia.^^lf  it  be  correct  that  those  substances  act 
most  powerfully  as  manures  which  are  capable  of  ^rielding  the  largest 
quantity  of  nitrogen  to  plants,  the  nitrate  of  ammonia  ought  to  promote 
vegetation  in  a  greater  degree  than  almost  any  other  saline  substance  we 
could  employ.  According  to  the  experiments  of  Sir  H.  Davy,t  how- 
ever, this  does  not  appear  to  be  the  case,  though  Sprengel  has  found 
it  more  efficacious  than  the  nitrates  either  of  potash  or  of  soda.  Thia 
question  as  to  the  relative  action  of  the  nitrate  of  ammonia  is  very  in- 
teresting theoretically,  but  it  directly  concerns  practical  a^culture  very 
little,  since  the  high  price  of  this  salt  is  likely  to  prevent  its  being  ever 
eropl^ed  in  the  ordinary  operations  of  husbandry. 

yf  Special  action  of  the  aijferent  S€Ut8  of  jlmmonia.— The  theory  of 
the  action  of  ammonia  itself  upon  vegetation  I  have  in  a  former  lecture 
(Lee.  VIII.,  §  6)  endeavoured  to  explain  to  you.  But  the  special  action  of 
the  several  saUne  compounds  of  ammonia  above  described  will  depend 
upon  the  qualities  of  the  acid  with  which  it  may  be  in  combination. 

The  sulphate  will  partake  of  the  action  of  the  sulphates  of  potash, 
soda,  or  lime  (gypsum),— in  so  far  as  it  may  be  expected  to  exhibit  a  more 
marked  efiect  upon  the  leguminous  than  upon  the  corn  crops,  and  upon 
the  produce  of  grain  than  on  the  growth  of  the  leaves  and  the  stem. 
This  special  action  may  be  anticipated  from  the  sulphuric  acid  it  con- 
tains. And  if  this  reasoning  from  analogy  be  correct,  we  should  expect 
the  sulphate  of  ammonia  to  rank  among  the  most  useful  of  manures-^ 
since  the  one  constituent  (ammonia)  will  promote  the  general  growth  of 
the  plant,  while  the  other  will  expend  its  influence  more  in  the  filling 
of  the  ear. 

The  nitrate  again  has  been  found  to  act  more  upon  the  crops  of  com 
than  upon  the  legumiuous  plants  and  clovers  (Sprengel) — a  result  which 

*  Prize  Emay  oflht  Bighland  SoeUly^  zIt.,  p.  369. 

t  100  nitons  thoa  ntnnted  wtth  Mid  wiU  taartj  to  the  toll  abomi  100  VbM.  of  ffdphate  of 
■mmoBia  or  of  nl.«minoniae. 
I  Davy's  Agriadiural  CAsaittfry,  Leetiiro  Vlt  ^  j 
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U  to  be  explained  by  the  abeence  of  sulphuric  acid«  which  appears  to 
aid  especially  in  the  development  of  the  latter  class  of  plants. 

On  this  subject,  however,  experiments  are  too  limited  in  number, 
in  general  too  inaccurately  made,  and  our  information  in  consequence 
too  scanty  to  enable  us  as  yet  to  arrive  at  satisfactory  conclusions. 

12°.  Mixed  Saline  Manures. — The  principle  already  so  frequently 
illustrated,  that  plants  require  for  their  rapid  and  perfect  development  a 
sufficient  supply  of  a  considerable  number  of  different  inorganic  sub- 
stances, will  naturally  suggest  to  vou  that  in  our  endeavours  to  render  a 
soil  productive,  or  to  mcrease  its  fertility,  we  are  more  likely  to  succeed 
if  we  add  to  it  a  mixture  of  several  of  those  substances,  than  if  we  dress 
it  or  mix  it  up  with  one  of  them  only.  This  theoretical  conclusion  is 
confirmed  by  universal  experience. 

Nearly  all  the  natural  manures,  whether  animal  or  vegetable,  which 
are  apnlied  to  the  land,  contain  a  mixture  of  saline  substances,  each  of 
which  %xercises  its  special  effect  upon  the  affer-crop— so  that  the  final 
increase  of  produce  obtained  by  the  aid  of  these  manures,  must  be  as- 
cribed not  to  the  single  action  of  one  of  their  constituents,  but  to  the  joint 
action  of  all.  An  important  practical  problem,  therefore,  propounded 
by  scientific  agriculture  in  its  present  state,  is — what  mixtures  of  saline 
substances  are  most  likely  to  he  generally  useful,  what  others  specially 
useful  to  this  or  to  that  crop  ?  The  complete  solution  of  this  problem 
will  require  the  joint  aid  of  chemical  theory  and  of  agricultural  experi- 
ment,—of  experiments  often  varied  and  probably  lone  continued.  But 
that  we  may  finally  expect  to  solve  it,  will  appear  from  what  has  al- 
ready been  accurately  observed  in  regard  to  the  effect  of  certain  artifi- 
cial mixtures  upon  some  of  our  cultivated  crops.     Thus-^ 

a.  Mixture  of  Nitrate  unth  Svlphaie  of  Soda. — If,  instead  of  dressing 
young  potatoes  with  nitrate  or  with  sulphate  of  soda  alone  (page  331), 
we  employ  a  mixture  of  the  two,  the  growth  of  the  plant  is  much  more 
nromoted  and  the  crop  of  potatoes  much  more  largely  increased.  Thus 
Mr.  Fleming  (in  1841)  applied  to  his  potato  crop  a  mixture  of  equal 
weights  of  nitrate  and  of  dry  sulphate  of  soda  in  the  proportion  of  200 
lbs.  of  the  mixture  to  the  imperial  acre,  wiih  the  following  remarkable 
sesult  :— 

Undressed,    •    .    .    66  bolls,  each  5  cwt.,  per  acre. 
Dressed,   ....  107  bolls. 

Increase,    ...    41  bolls,*  or  10  tons  per  acre! 

The  stems  also  were  six  and  seven  feet  high.  The  addition  of  nitrate 
of  soda  to  a  portion  of  the  same  field  gave  a  produce  of  only  80  bolls. 
Similar  effects,  of  which,  however,  I  have  not  yet  obtained  the  numeri- 
cal results,  have  been  observed  on  the  same  crop  in  various  localities 
during  the  present  season  (1842). 

The  eflfect  of  this  one  artificial  mixture  holds  out  the  promise  of  much 
good  hereafter  to  be  obtained  by  the  judicious  trial  of  other  mixtures— 
probably  of  a  greater  number  of  substances — ^opon  all  the  crops  we  are 
m  the  habit  of  raising  for  food. 

h.  Wood  a#^.— -This  opinion  is  strengthened  by  the  effects  which 
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have  almost  universally  been  found  to  follow  the  use  of  wood  ashes  and 
of  the  ash  of  other  Yegetables  in  the  cultivation  of  the  land. 

The  quality  of  the  ash  left  hy  plants  when  burned  varies,  as  we  have 
already  had  occasion  to  remark  (Lee.  X.,  §  4),  withavariety  of  circam- 
stances.  It  always  consists,  however,  of  a  mixture  in  variable  propor* 
tioDS  of  carbonates,  silicates,  sulphates,  and  phosphates  of  potash,  soda, 
lime,  and  magnesia,  with  certain  other  substances  present  in  smaller 
quantity,  ^t  more  or  less  necessary,  it  may  be  presumed,  to  vegetable 
growth.  Ttius,  according  to  Sprengel,  the  ash  of  the  red  beech,  the  oak, 
and  the  Scotch  fir  {pinus  tylwstns)^  consists  of 

AiMi  n«M.k         rwk  '         fleoteh         Plteh  Pine. 

SiUca 653  96-95  6*59  750 

Alumina fi*33 

Oxide  of  Iron 3  77            814  1703  IMO 

Oxide  of  Manganese    .    .  3*85             —  —  %'75 

Lime 2500  1T38  23 18  13'€0 

Magnesia 5-00             144  5-03  435 

Potash S311  16-30  3-90  14ii 

Soda 3'^            6-73  »33  30-'$ 

BulphurieAcid     ....  7-64            3*36  3-83  3-45 

Phosphoric  Acid  .    .    .    .  5-68             1*93  3-75  0*90 

Chlorine 1-84            3*41  330 

Carbonic  Acid.    ....  1400  15-47  36-48  1750 

100  100  100  960 

The  composition  of  these  difierent  kinds  of  ash  is  very  unlike— that 
of  the  pitch  pine,  tor  example,  being  greatlv  richer  in  potash  and  soda, 
aod  poorer  in  lime  and  phosphoric  acid,  than  that  of  the  Scotch  fir- 
while  the  beech  is  richer  than  any  of  the  others  in  potash  and  lime  and 
in  the  sulphuric  and  phosphoric  acids.  The  several  effects  of  difierent 
kinds  of  wood  ashes  when  applied  to  the  land  will  therefore  be  difierent  also. 

In  this  country  wood  ashes  are  largely  employed  in  many  districts, 
mixed  with  bone  dust,  as  a  manure  for  turnips,  and  oflen  with  great 
success.  As  much  as  15  bushels  (7^  ^^^- )  ^  &shes  are  drilled  in  per 
acre  with  15  bushels  (6  cwt.)  of  bones.  The  large  quantity  of  alkali 
present  in  the  turnip  crop  (Lee.  X.,  §  3)  may  be  supposed  to  explain 
the  good  effects  which  wood  ashes  have  upon  it,  aod  may  lead  us  to  as- 
pect that  they  would  in  a  similar  degree  increase  the  produce  of  the 
carrot  and  of  the  potatoe.* 

The  inunedicUe  benefit  of  wood  ash  is  said  to  be  most  perceptible  upon 
leguminous  plants  (Sprengel)  such  as  lucerne,  clover,  peas,  beans,  and 
vetches.  As  a  top-dressing  to  grass  lands  it  roots  out  the  moss  and  pro. 
motes  the  erowth  of  wliite  clover.  Upon  red  clover  its  effects  will  be 
more  certain  if  previously  mixed  with  one  fourth  of  its  weight  of  gyp- 
sum. In  small  doses  of  two  or  three  hundred  weight  (4  to  6  bushels) 
it  may  be  safely  applied  even  to  poor  and  thin  soils,  but  in  large  and 
repeated  doses  its  ettects  will  be  too  exhaustiug  unless  the  soil  be  either 
naturally  rich  in  vegetable  matter,  or  be  mix^  from  year  to  year  with 
a  sufficient  quantity  of  animal  or  vegetable  manure. 

*  This  foferenee  baa  been  Terlfied  by  Mr.  Wbarlon,  of  Drybarn.  who  has  obtained  an  ex- 
cellent crop  of  potatoea  from  newly  plougbed-out  land  by  pii^ij^^^go^lllit),^^  asbeaonlj^ 
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In  80  far  as  the  immediate  eflfect  of  wood  ashes  is  depepdeot  opoo 
the  soluble  saline  matter  they  contain,  their  efiect  may  be  imitated  by 
a  mixture  of  crude  potash  with  carbonate  and  snlphate  of  soda,  and  a 
liule  common  salt.  The  wood  ash  of  this  country  contains  only  aboat 
one-fifleenth  of  ito  weight  of  soluble  matter  (Bishop  Watson),  so  that 
the  following  quantity  of  such  a  mixture  would  be  nearly  equal  in  effi- 
cacy to  the  saline  matter  of  one  tan  of  wood  ash* 

Crude  Potash .    60  lbs.  at  a  cost  of  15e. 

Crystallized  Carbonate  of  Soda    .    60    "        '*        **       7e. 

Sulphate  of  Soda 20    ' 

Common  Salt        *  20    * 

160  248. 

Where  the  wood  ash  costs  onl^  a  shilling  a  bushel  (or  ^2  a  ton),  it 
woul(^obvious]y  be  more  economical  to  employ  this  mixture,  were  the 
efficacy  of  wood  ashes  dependent  solely  upon  the  soluble  saline  matter 
they  are  capable  of  yielding  on  the  first  washing  with  water.  But  they 
contain  also  a  ereater  or  less  quantity  of  imperfectly  burned  carbon- 
aceous matter,  the  efiect  of  which  upon  vegetation  cannot  be  precisely 
estimated,  and  a  large  proportion-— nine-tenths,  perhaps,  of  their  whole 
w«ght— of  insoluble  carbonates,  silicates,  and  phosphates  of  potash, 
lime,  and  magnesia,  which  are  known  more  permanently  to  influence 
the  fertility  of  the  land  to  which  they  are  applied.* 

c.  Washed  or  lixvoiated  toood'(uhee,'^ln  countries  where  wood  ashes 
are  washed  for  the  manufacture  of  the  pot  and  pearl  ash  of  commerce 
(Lee.  IX.,  §  4),  this  insoluble  portion  collects  in  large  quantities.  It  is 
also  present  in  the  refuse  of  the  soap  makers,  where  wood  ash  is  em- 
ployed for  the  manufacture  of  soft  soap.  The  composition  of  this  inso- 
uble  matter  varies  very  much,  not  only  with  the  kind  of  wood  from 


r. 


'  8ome  diteawion  bu  lately  arlMn  in  America  (AiZVmaii'a  Journal,  xlii.  p.  165^  and  zUli. 
p.  80),  ia  regard  to  the  fkct,  In  Itself  aafflclently  interealbifL  Uiat  wood  aahee,  when  thrown 
toj^ether  In  neaps,  notonfVeqaently  take  fire,  becoming  red  hot  throughout  their  whole  mass. 
and  sometimea  occasioning  serioos  accidents.  Sach  ashes  always  contain  a  quaotlnr  of 
mlnwely  diflded  carbonaceous  miater,  which,  like  the  impalpable  charc4ial  powder  of  the 
gunjpowder  manoiactoriea,  may  hare  the  property  of  absorbing  much  air  into  ita  pores,  and 
of  thus  undeigoing  a  spontaneous  elevation  of  temperature.  I  throw  It  out,  however,  as  a 
more  probable  conjecture,  that  during  the  combustion  of  the  wood  a  portion  of  the  potash 
has  been  decomposed  by  the  charcoal,  and  converted  into  potassium  (potash  consiailnff  of 
potassium  and  oxygen,  Lee.  IX.,  $  4).  When  exposed  to  the  air  and  to  moialure  this  poias- 
aium  gradually  absorbs  oxygen  and  spontaneously  bums,  egain  forming  potash.  Thai  soch 
a  decomposition  may  take  place  where  wood  or  other  vegetable  matter  Is  burned  with  Utile 
access  or  air  will  readily  be  granted,  but  it  is  not  so  obvious  that  it  oan  take  place  in  an  open 
fire.  But  even  in  an  open  fire,  or  in  an  open  capsule,  particles  of  potassinm  may  remain  in 
the  pores  of  the  unbomed  charcoal,  or  more  freouentfy  may  be  covered  over  with  a  glase  of 
melted  potaah,  by  which  further  combustion  will  be  prevented.  That  this  really  does  hap- 
pen any  one  must  have  satisfied  himself  who  has  been  in  the  habit  of  burning  vegetable 
substances  for  the  purpose  of  determining  the  proportion  of  ash  they  leave.  The  glase  of 
melted  alkaline  matter  often  renders  the  complete  combustion  a  very  difficult  and  tedious 
matter.  That  potassium  Is  formed  during  this  process  is  rendered  further  probable  by  the 
observation  that  the  quantity  of  potash  obtained  from  vrood  or  other  vegetable  aah  is  less 
when  the  wood  has  been  burned  at  a  high  than  at  a  low  temperature.  The  potasainm,  which 
is  volatile,  may  have  been  dissipated  in  vapour. 

It  is  probable  that  a  spontaneous  combustion  similar  to  that  observed  In  America  may  oc- 
casionally take  place  in  the  heaps  of  ashes  left  to  stand  upon  our  fields  after  paring  and 
burning— and  hence  probably  has  arisen  the  practical  rule,  to  spread  Ihe  ashes  as  soon  as 
possible  after  the  burning  is  finished.  If  allowed  to  remain,  they  are  said  **/o  takt  hold  of  tke 
tofidf"  and  when  it  is  of  clay,  to  bum  it  Into  brick.  An  instance  of  such  combustion  is  men> 
tioned  as  having  occurred  at  Chatteria,  in  the  Isle  of  Ely,  where  sn  entire  common  was 
burned  16  or  18  inches  deep,  down  to  the  very  gravel— See  Britith  Huobandry,  II.,  p.  360. 
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which  the  ash  is  made,  hut  also  with  the  temperature  it  is  allowed  to  at- 
tain in  hurning.  The  former  fact  is  illustrated  by  the  following  analysis 
made  by  Berthier,  of  the  insoluble  matter  left  by  the  ash  of  five  diner- 
ent  species  of  wood  carefully  burned  by  himself:*- 


Oak. 

Lime. 

Bireh. 

Pitch  Fine. 

Scotch  Fir. 

Beech. 

Silica         .        .        3-8 

20 

5-5 

130 

4-6 

6-8 

lime         .        .      54-8 

51-8 

53-3 

37^ 

483 

4»6 

Marnesia  .                0-6 
Oxide  of  Iron    .       — 

3-2 

30 

8-7 

10-6 

70 

0-1 

05 

J2S3 

0-1 

1-5 

Oxide  of  Manganese  — 

0-6 

3-5 

65 

0-4 

4-5 

Phosphoric  Add        0*8 

3-8 

4-3 

1-8 

10 

5-7 

Carbonic  Add  .      396 

39-8 

31^ 

21-5 

360 

32^ 

Carbon.     .        .       — 

— 

— 

4-8 

09-6 

100 

100 

100 

99-7 

100 

The  numbers  in  these  several  columns  difier  very  much  from  each 
other,  but  the  constitution  of  the  insoluble  part  of  the  ash  he  obtained 
probably  difiered  in  every  case  from  that  which  would  have  been  left 
Dj  the  ash  of  the  same  wood  burned  on  the  large  scale,  and  in  the  open 
air.  This  is  to  be  inferred  from  the  total  absence  of  potash  hnd  soda  in 
the  lixiviated  ash— while  it  is  well  known  that  common  lixiviated  wood 
ash  contains  a  notable  quantity  of  both.  This  arises  from  the  high  tem- 
perature at  which  wood  is  commonly  burned,  caunng  a  greater  or  less 
portion  of  the  potash  and  soda  to  combine  with  the  silica,  and  to  form 
insoluble  silicates,  which  remain  behind  along  with  the  lime  and  other 
earthy  matter,  when  the  ash  is  washed  with  water.  It  is  to  these  sili- 
cates as  well  as  to  the  large  quantity  of  lime,  magnesia,  and  phosphoric 
acid  it  contains,  that  common  wood  ash  owes  the  more  permanent  effects 
upon  the  land,  which  it  is  known  to  have  produced.  When  the  rains 
have  washed  out  or  the  crops  carried  off*  the  more  soluble  part  from  the 
8oiU  these  insoluble  compounds  still  remain  to  exercise  a  more  slow  and 
enduring  influence  upon  the  after-produce. 

Still  m>m  the  absence  of  this  soluble  portion,  the  action  of  lixiviated 
wood  ash  is  not  so  apparent  and  energetic,  and  it  may  therefore  be  safely 
added  to  the  land  in  much  larger  quantity.  Applied  at  the  rate  of  two 
tons  an  acre,  its  effects  have  been  observed  to  continue  for  15  or  20  years. 
It  is  most  beneficial  upon  clay  soils,  and  is  said  especially  to  promote 
the  growth  of  oats. 

I  am  not  aware  that  in  any  part  of  the  British  Islands  this  refuse  aah 
is  to  be  obtained  in  large  quantity,  but  in  North  America  much  of  it  Is 
thrown  away  as  waste,  which  might  be  advantageously  restored  to  the 
land  on  which  the  wood  had  grown. 

d.  Kelp  is  the  name  given  in  this  country*  to  the  ash  left  by  marine 
plants  when  burned.  It  used  to  be  extensively  prepared  in  the  Western 
Islands,  bnt  the  low  price  at  which  carbonate  of  soda  can  now  be  manu- 
factured haa  so  reduced  the  price  and  the  demand  fbr  kelp  as  almost  to 
drive  it  from  the  market.  As  a  natural  mixture,  however,  which  can 
now  be  obtained  at  a  cheap  rate  (about  <£3.  a  tou),  and  which  has  bf  en 
proved  to  be  useful  to  vegetation  in  a  high  degree,  f  it  is  very  desirable 

*  In  Brittany  and  Nonnandy  it  is  called  voree,  while  that  of  Spain  is  fcuQWn  hy  the  naiM 

''\^P^Emav,  of  tk€  Wghlmd  aockiy,  TOto.  I  indl     ^^  "^^"  "^  GoOglc 
30* 
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that  accurate  experimentB  should  be  instituted  with  the  view  of  deter- 
mining the  precise  extent  of  its  action,  as  well  as  the  crope  and  soils  to 
which  It  can  be  most  advantageously  and  most  economically  applied. 

Like  wood  ashes,  kelp  varies  in  composition  with  the  species  and  age 
of  the  marine  plants  (sea  weeds)  from  which  it  is  prepared,  and  like 
them  also  it  consists  of  a  soluble  and  insoluble  portion.     Two  samples 
'  from  different  localities  in  the  Isle  of  Sky,  analyzed  by  Dr.  Ure,*  con- 
sisted oC-^ 

Nonn«Bdy, 
BoLDBLB  Poanow.  Heiflker.      Bona.  Gay^Luane. 

Carbonate  of  Soda  with  Sulphuret  of  Sodium   .       8*5  5'5       — 

Sulphate  of  Soda       .  .'      .  80  19<0       — 

Common  Salt )  oj...  q-.^   (  56.0 

Chloride  of  Potassium J^^         ^^^  J  25.0 

IMSOI.VBI.B  PoKTinr. 

Carbonate  of  Lime 24-0  10*0  — 

Silica 8-0  —  — 

Alumina  and  Oxide  of  Iron       ....  9*0  10H>  — 

Grpsum -—  9*6  — 

Sulphur  and  loss 6*0  d-5  ^ 

iOO  100 

Besides  these  constituents,  however,  the  soluble  portion  contains  iodide 
of  potassium  or  sodium  in  variable  quantity,  and  the  insoluble  more  or 
less  of  potash  and  soda  in  the  state  of  silicates. 

Kelp  may  be  applied  to  the  land  in  nearly  the  same  circumstances  as 
wood-ash— but  for  this  purpose  it  would  probably  be  better  to  bum  the 
sea  weed  at  a  lower  temperature  than  is  usually  employed.  By  this 
means,  being  prevented  from  melting,  it  would  be  obtained  at  once  in  the 
state  of  a  fine  powder,  and  would  be  richer  in  potash  and  soda. 

It  might  lead  to  important  results  of  a  practical  nature,  were  a  series 
or  precise  experiments  made  with  this  finely  divided  kelp  as  a  manuref 
-^especially  in  inland  situations—for  though  the  variable  proportion  of 
its  constituents  will  always  cause  a  degree  of  uncertainty  in  regard  to 
the  action  of  the  ash  of  marine  plants— yet  if  the  quantity  of  chloride 
of  potassium  it  contains  be  on  an  average  nearly  as  great  as  is  stated 
above  in  the  analysis  of  Gay-Lussac^-kelp  will  really  be  the  cheapest 
form  in  which  we  can  at  present  apply  potash  to  the  land. 

e.  Straw  ashes, — The  ashes  obtained  by  burning  the  straw  of  oats, 
barley,  wheat,  and  rye,  contain  a  natural  mixture  of  saline  substances, 
whicn  is  exceedingly  valuable  as  a  manure  to  almost  every  crop.  The 
proportion  of  the  several  constituents  of  this  mixture,  however,  is  diffe- 
rent, according  as  the  one  or  the  other  kind  of  straw  is  burned.  Thus,  100 
parts  of  each  variety  of  ash— in  the  samples  analyzed  by  Sprengelt 
— ^x>n8isted  of— 


*  DUtiamaay  Iff  Arts  trndltom^dcturm,  p.  79S. 

bes  to  reftr  the 
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PoUah    . 

Soda 

Ume 

Ma^fnesia 

SUica      . 

Alumina 

Oxide  of  Iron  . 

Oidde  of  Manganese 

Phosphoric  Acid 

Sulphuric  Acid 

Chlorine 

Carbonic  Acid 


Oati. 
15^ 

■ti 

Wheat 
0-6 

*r^ 

^-8 

trace. 

W 

0^8 

0-4 

11-2 

2-6 

10*5 

6-8 

6-4 

16-9 

0-4 

1-4 

0-9 

0-4 

31 

8(H) 

735 

81-6 

^82-2 

2-1 

01 

2-8  J 

trace. 

0-2; 

2-6 

0-9 

2^3 

trace. 

0*3' 

0^ 

35 

4-8 

1*8 

9-9 

1-4 

2-9 

1-0 

61 

13-3 

0-1 

1-3 

0^9 

0-6 

114 

— 

"* 

— 

' — 

11-0 

100 


100 


100 


100 


100 


The  most  striking  differences  in  the  above  table  are  the  comparatively 
large  quantity  of  potash  in  the  oat  straw — of  h'me  in  that  of  barley — 
of  phosporic  acid  in  that  of  wheat— of  sulphuric  acid  in  that  of  rye — 
and  of  all  the  saline  substances  in  rape  straw.  These  difierences  are  not 
to  be  considered  as  constant,  nor  will  the  numbers  in  any  of  the  above 
columns  represent  correctly  the  composition  of  the  ash  of  any  variety 
of  straw  we  may  happen  to  bum  (Lee.  X.,  §  4^,  but  they  may  be  safely 
depended  upon  as  showing  the  general  composition  of  such  asnes  as  well 
as  the  general  differences  which  may  be  expected  to  prevail  amons  them. 

That  such  ashes  should  prove  useful  to  vegetation  might  be  mferred 
not  only  from  their  containing  many  saline  substances  which  are  known 
to  act  beneficially  when  appfied  to  the  land,  but  from  the  fact  that  they 
have  actually  been  obtained  from  vegetable  substances.  If  inorganic 
matter  be  necessai^  to  the  growth  of  wheat,  then  surely  the  mixture  of 
such  matters  contained  in  the  ash  of  wheat  straw  is  more  likely  than  any 
other  we  can  apply  to  promote  the  ffrowth  of  the  young  wheat  plant.  A 
question  might  even  be  raised  whemer  or  not  in  some  soils,  rich  in  vege- 
table matter,  the  ash  alone  would  not  produce  as  visible  an  effect  upon  the 
coming  crop,  as  the  direct  application  of  the  straw,  either  in  the  dry 
state,  or  in  the  form  of  rotted  farm-yard  manure.  And  this  question 
would  seem  to  be  answered  in  the  affirmative,  by  the  result  of  many 
trials  of  straw  ashes  which  have  been  made  in  Lincolnshire.  In  this 
county  the  ash  of  five  tons  6f  straw  has  been  found  superior  in  efficacy 
to  ten  tons  of  farm-yard  manure.*  This  is  perfectly  consistent  with  the- 
ory, yet  as  vegetable  matter  appears  really  essential  to  a  fertile  soil,  and 
as  the  quantity  of  this  ve£;etable  matter  is  lessened  in  some  degree  by 
every  com  crop  we  raise,  it  cannot  be  good  husbandry  to  manure  for  a 
succession  of  rotations  with  saline  substances  only.  The  richest  soil  by 
this  procedure  must  ultimately  be  exhausted.  On  the  other  hand,  where 
mucn  vegetable  matter  exists,  and  especially  what  is  usually  called 
inert  vegetable  matter,  it  may  be  an  evidence  of  great  skill  in  the  prac- 
tical farmer  to  apply  for  a  hme  the  ashes  only  of  his  straw— or  some 
other  saline  mixture  to  his  land. 

The  practice  of  burning  the  stubble  on  a  windy  day  has  been  found 
in  the  East  Riding  of  Yorkshire  to  produce  better  clpver,  and  to  cause 


»  amvft^LhKolnMn,  p.  301,  quoted  in  Bridth  BiubMidry,  IL,  p. 
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a  larger  return  of  wheat* — (or  this  purpose,  however,  the  stubble  must 
be  left  of  considerable  length.  In  Grermany,  rape  straw — ^which  the 
above  table  shows  to  be  rich  in  saline  and  earthy  matter,  and,  therefore, 
exhausting  to  the  land — is  spread  over  the  field  and  burned  in  a  similar 
manner.  The  destruction  of  weeds  and  insects  which  attends  this  prac- 
tice, is  mentioned  as  one  of  its  collateral  advantages-f 

In  the  United  States,  where,  according  to  Capt.  Barclay,  the  straw  is 
burned  merely  in  order  that  it  may  be  cot  rid  of,t  it  would  cost  little  la- 
bour to  apply  the  ash  to  the  soil  from  which  the  straw  was  reaped,  while 
it  would  certainly  enlarge  the  future  produce— and  in  Little  Roasia, 
where  from  the  absence  of  wood  the  straw  is  univeisally  burned  for  fuel, 
and  the  ashes  afterwards  conngned  to  the  nearest  river,  the  same  prac- 
tice might  be  beneficially  adopted.  However  fertile,  and  apparently 
inexhaustible,  the  soils  in  these  countries  may  appear,  the  time  must 
come  when  the  present  mode  of  treatment  will  have  more  or  lesa  ex- 
hausted their  productive  powers. 

It  is  not  advisable,  as  I  have  already  said,  wholly  to  substitute  the  a&h 
fur  the  straw  in  ordinary  soils,  or  in  any  soils  for  a  length  of  lime,  yet 
that  it  may  be  partially  so  substituted  with  good  effect— or  that  strew 
ashes  will  alone  give  a  large  increase  of  the  com  crop,  and  therefore 
should  never  be  wasted— -is  shewn  by  the  following  comparative  experi- 
ments, conducted  as  such  experiments  should  be,  during  an  entire  rota- 
tion of  four  years.  The  quantity  of  manure  applied,  and  the  produce 
per  imperial  acre,  were  as  follows : — 

16  cwt   bariev      3  ions  stable  dung      8  tons  of  rotten 
No  manure.       straw   bornecl  In    the    sUmw  dung,      elsht 

on  the  frouod.  state.  months  old. 

l**.  Turnips,  33  lbs.  8i  cwt  18|  cwt  I6)<cwt 

S^'.  Barley,      14fbush.         30^  bush.  30|  bush.  36|  busli. 

3°.  CloTcr,        8  cwt  18    cwt  20    cwt  21     cwt 

4^.  OaU,         32  bush.  18    bush.  38    bush.  40    bush. 

The  kind  of  soil  on  which  this  experiment  was  made  is  not  staled, || 
but  it  appears  to  show,  as  we  should  expect,  that  the  efiects  of  straw  ash 
are  particuUarly  exerted  in  promoting  the  growth  of  the  corn  plants  and 
grasses  which  contain  mucn  silicious  matter  in  their  stems— in  shorty  of 
plants  similar  to  those  frQra  which  the  ash  has  been  derived. 

Theory  of  the  action  of  straw  osA.— That  it  should  especially  pro- 
mote the  growth  of  such  plants  appears  most  natural,  it  we  consider 
only  the  source  from  which  it  has  been  obtained,  but  it  is  fully  explained 
by  a  further  chemical  examination  of  the  ash  itself.  The  soluble  mat- 
ter of  wood  ash  in  general  contains  but  a  small  quantity  of  silica- 
while  that  part  of  the  straw  ash  which  is  taken  up  by  water  contains 
very  much.    Thus  a  wheat  ash  analyzed  by  Berthier  contained  of 

I  PSa  CBXT. 

Soluble  salte 19 

Insoluble  matter  ,    •.,•,....    81 

100 

*  ArtM  JiusAofid^,  n ,  p.  338. 

t  Bpreagel,  Zjehre  vom  DUnger^  p.  366« 

X  Agricultural  Tour  in  Ms  United  Statm,  pp.  42  and  M. 
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and  that  which  was  diesolyed  by  water  consbted  of 

ns  OSHT. 

Silica      . 35 

Chlorine 13 

Potash  and  aoda 50 

Sulphuric  acid 2 

100 
8o  that  it  was  a  mixture  of  soluble  silicates  and  chlorides  with  a  little 
sulphate  of  potash  and  soda.  These  soluble  silicates  will  find  an  easy 
admission  into  the  roots  of  plants,  and  will  readily  supply  to  the  young 
stems  of  the  corn  plants  and  grasses  thcsilica  which  is  indispensable  to 
their  healthy  growth. 

f.  Turf  or  peat  ashes^  obtained  by  the  burning  of  peat  of  various 
qualities,  are  also  applied  with  advantage  to  the  land  in  many  districts. 
They  consist  of  a  mixture  in  which  gypsum  is  usually  the  predomi- 
nating useful  ingredient— the  alkaline  salts  being  present  in  very  small 
proportion.  Of  ashes  of  this  kind  those  made  in  Holland,  and  generally 
distinguished  by  the  name  of  Dutch  ashes,  are  best  known,  and  have 
been  most  frequently  analyzed.  The  following  table  exhibits  the  com- 
position of  some  vaneties  of  ashes  from  the  peat  of  Holland  and  from  the 
Death  of  Luneburg,  examined  by  Sprengel:— 

Dutch  Ashes  (gre7>  Luoebaif  A«hM (reddish). 


Best 

Inferior 

Worst 

Good 

Pfoduciog 

qoalitj. 

«• 

« 

"Sff 

liulepflfoet 

SiUca 

.    .471 

43-3 

Alumina 

.    .      4-5 

35 

41 

51 

9-7 

Oxide  of  Iron    .    .    . 

.    .      6-6 

5-4 

41 

17-7 

193 

Do.  of  Manganese     . 

.    .      1-0 

43 

03 

0-5 

35 

Lime 

.    .    136 

86 

61 

31-9 

71 

Magnesia      .... 

.    .      4-9 

1-6 

3-9 

1-0 

4-6 

Potash 

.    .      0« 

03 

0-1 

0-1 

— 

Soda 

.    .      10 

3-9 

0-4 

0-1 

— 

Sulpharic  Acid      .    . 

.    .      7-3 

6-4 

34 

6-3 

Gypinim 
PhoBph.ofLim6 

Phosphoric  Acid    .    . 

.    .      2-0 

0-8 

13 

1-3 

0-3; 
Common  Salt 

Chlorine 

.    .      1-3 

30 

0-5 

01 

01   . 

Caibonic  Acid .    .    . 

.    .      41 

6-4 

5-5 

4-4 

130 

Charred  Turf   .    .    . 

.    .      6-6 

— 

— 

— 

100^ 


100-0    1000    1000    hooo 

In  the  most  useful  varieties  of  these  ashes  it  appears,  from  the  above 
analyses,  that  lime  abounds— partly  in  combination  with  sulphuric  and 
phosphoric  acids,  forming  gypsum  and  .phosphate  of  lime— and  partly 
with  carbonic  acid,  forming  carbonate.  These  compounds  of  lime, 
therefore,  may  be  regarded  as  the  active  ingredients  of  p«al  ashes. 

Yet  the  small  quantity  of  saline  matter  they  contain  is  not  to  be  con- 
sidered as  wholly  without  effect.  For  the  l5utch  ashes  are  often  ap- 
plied to  the  land  to  the  extent  of  two  tons  an  acre — a  quantity  which, 

*  Sprengel  i>A«  vom  Dimger,  p.  963  ef  st;.  ^  g.^.^^,  .^  GoOglc 
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even  when  the  proportion  of  alkali  does  not  exceed  one  per  cent.,  will 
contain  45  lbs.  of  potash  or  soda,  equal  to  twice  that  weight  of  sulphates 
or  of  common  salt.  To  the  minute  quantity  of  saline  matters  present 
in  them,  therefore,  peat  ashes  may  owe  a  portion  of  their  beneficial 
influence,  and  to  the  almost  total  absence  of  such  compounds  from  the 
less  valuable  sorts,  their  inferior  estimation  may  have  in  part  arisen. 

In  Holland,  when  applied  to  the  com  crops,  they  are  either  ploughed 
in,  drilled  in  with  the  seed,  or  applied  as  a  top  dressing  to  the  young 
shoots  in  autumn  or  spring.  Lucerne,  clover,  and  meadow  grass  are 
dressed  with  it  in  spring  at  the  rate  of  15  to  18  cwt.  per  acre,  and  the 
latter  a  second  time  with  an  equal  quantity  after  the  first  cutting.  In 
Belgium  the  Dutch  ashes  are  applied  to  clover,  rape,  potatoes,  flax,  and 
peas— but  never  to  barley.  In  Luneburg  the  turf  ash  which  abounds 
in  oxide  of  iron  is  applied  at  the  rate  of  3  or  4  tons  per  acre,  and  by  this 
means  the  physical  character  of  the  clay  soils,  as  well  as  their  chemical 
constitution,  is  altered  and  improved. 

In  England  peat  is  in  many  places  burned  for  the  sake  of  the  ashes 
it  yields.  Among  the  most  celebrated  for  their  fertilizing  qualities  are 
the  reddish  turf  ashes  of  Newbury,  in  Berkshire.  The  soil  from  beneath 
which  the  turf  is  taken  abounds  in  lime,  and  the  ashes  are  said  to  con- 
tain from  one-fourth  to  one-third  of  their  weight  of  gypsum.*  They 
are  used  largely  both  in  Berkshire  and  Hampshire,  and  are  chiefly 
applied  to  green  crops,  and  especially  to  clover,  f 

g.  Coal  ashes  are  a  mixture  of  which  the  composition  is  very  variable. 
They  consist,  however,  in  general,  of  lime  often  in  the  state  of  gypsum, 
of  silica,  and  of  alumina  mixed  with  a  quantity  of  bulky  and  porous 
cinders  or  half-burned  coal.  The  ash  of  a  coal  Grom  St.  Etienne,  in 
France,  after  all  the  carbonaceous  matter  had  been  burued  away,  was 
Ibuod  by  Berthier  to  consist  of 

PSB  CBST. 

Alumina,  Insoluble  in  acids 62 

Alumina,  soluble 5 

Lime 6 

Magnesia 8 

Oxide  of  Manganese 3 

Oxide  and  Sulphuret  of  Iron 16 

100 

Such  a  mixture  as  this  would  no  doubt  benefit  many  soils  by  the 
alumina  as  well  as  by  the  lime  and  magnesia  it  contains ;  but  in  the 
English  and  Scotch  coal  ashes  a  small  quantity  of  alkaline  matter, 
chiefly  soda,t  is  generally  present.  The  constitution  of  the  ash  of  our 
best  coals,  therefore,  may  be  considered  as  very  nearly  resembling  thai 
of  peat  ash,  and  as  susceptible  of  similar  applications.  When  well 
burned,  it  can  in  many  cases  be  applied  with  good  effects  as  a  top- 
dressing  to  grass  lands  which  are  overgrown  with  moss;   while  the 


*  BritM  Buabtmdiy,  n.,  p.  331 

1 80  bushels  per  acre  (at  3d.  a  bus! 
ifth.~Morton  "  On  SWto,"  p.  170. 

i  From  the  commoD  salt  with  which  our  coal  ia  to  often  Imp 


1 60  bushels  per  acre  (at  3d.  a  bushel,  or  19i.  6d.  an  acre)  Increase  the  closer  crop  foUj  one 
fifth.~Morton  "  On  SWto,"  p.  170. 
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admixture  of  cinders  in  tbe  ash  of  the  less  perfectly  burned  coal  pro* 
duces  a  favourable  physical  change  upon  strong  clay  soils. 

h.  Cane  Aj$hes. — ^I  may  allude  iiere  to  the  advantage  which  in  sugar- 
growing  countries  may  be  obtained  from  the  restoration  of  the  cane  ash 
10  the  fields  in  which  the  canes  have  grown.  After  the  canes  have  been 
crushed  in  the  mill  they  are  usually  employed  as  fuel  ifi  boiling  down 
the  syrup,  and  the  ash,  which  is  not  unfrequently  more  or  less  melted, 
is,  I  believe,  almost  uniformly  neglected — at  all  events  is  seldom  ap- 
plied again  to  the  land.  According  to  the  principles  I  have  so  often 
illustrated  in  the  present  Lectures,  such  procedure  must  sooner  or  later 
exhaust  the  soil  of  those  saline  substances  which  are  most  essential  to 
tbe  erowth  of  the  cane  plant.  If  the  ash  were  applied  as  a  top-dressing 
to  the  young  canes,  or  put  into  the  cane  holes  near  the  roots-shaving 
been  previously  mixed  with  a  quantity  of  wood-ash,  and  crushed  if  it 
happen  to  have  been  melted — this  exhaustion  would  necessarily  take 
place  much  more  slowly. 

t.  Crushed  Chranite.'^We  have  already  seen  that  the  felspar'exbting 
ID  granite  contains  much  silicate  of  potash  and  alumina.  It  is,  in  fact, 
a  natural  mixture,  which  in  many  instances  may  be  beneficially  ap- 
plied, especially  to  soils  which  abound  in  lime.  It  is  many  years  since 
Fuchs  proposed  to  manufacture  potash  from  felspar  and  mica  by 
mixing  them  with  ouicklime,  calcining  in  a  furnace,  and  then  washing 
with  water.  By  tnis  means  he  said  felspar  miebt  be  made  to  yield 
one-fifth  of  its  weight  of  potash.*  Mr.  Pndeaux  has  lately  proposed  to 
mix  up  crushed  granite  and  quicklime,  to  slake  them  together,  and  to 
allow  the  mixture  to  stand  in  covered  heaps  for  some  months,  when  it 
may  be  applied  as  a  top-dressing,  and  will  readily  give  out  potash  to 
tbe  soil.  Fragments  of  granite  are  easily  crushed  when  thev  have  been 
previously  heated  to  redness,  and  there  can  be  little  doubt,  I  think,  that 
aoch  a  mixture  as  that  recommended  by  Mr.  Prideaux  would  unite 
many  of  the  good  effects  of  wood  ashes  and  of  lime. 


k.  Cnuked  Trap.^^1  need  not  again  remind  you  of  the  natural  fer- 
tility cmT  decayed  trap  soils  (Lee.  XIL,  §4)  and  of  the  improvement  which 
in  many  districts  may  be  effected  by  applying  them  to  the  land.  When 
granite  decays,  the  potash  of  the  felspar  is  washed  out  by  the  rains,  and 
an  unproductive  soil  remains— when  trap  decays,  on  the  other  hand,  the 
lime  by  which  it  is  characterised  is  not  soon  dissolved  out,  so  that  the 
Mil  which  is  produced  is  not  only  fertile  in  itself,  but  is  capable  of  being 
employed  as  a  fertilizing  mixture  for  other  soils.  Thus  when  it  is  much 
decayed  it  is  dug  out  from  pits  both  in  Cornwall  and  in  Scotland,  and 
is  applied  like  marl  to  the  land.  , 

L  Cnuhed  LaiMU.— Of  the  fertile  and  fertilizing  nature  of  the  crushed 
or  decayed  lavas  I  have  also  already  spoken  to  you  (Lee.  XII.,  §  4). 
In  St.  Michaers,  one  of  the  Azores,  the  natives  pound  the  volcanic  mat- 
ter and  spread  it  on  the  ground,  where  it  speedily  becomes  a  rich  mould 
capable  of  bearing  luxuriant  crops.  At  the  foot  of  Mount  Etna,  when- 
ever a  crevice  appears  in  the  old  lavas,  a  branch  or  joint  of  an  Opuntia 
(Cactus  Opuntia — ^European  Indian-Fig)  is  stuck  in,  when  the  roots  in- 
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Sinuate  themselves  into  every  fissure,  expand,  and  finally  break  np  the 
lava  into  fragments.  These  plants  are  thus  not  only  the  means  of  pro- 
ducing a  soil,  but  they  yield  also  much  fruit,  which  is  sold  as  a  refresh- 
ing food  throughout  all  the  towns  of  Sicily.f 

These  are  all  so  many  natuifil  mineral  mixtures  of  which  we  may 
either  directly  avail  ourselves,  or  which  we  may  imitate  by  ait. 


ExperimenU  with  mixed  manutea. 

NoTB.^-As  a  valuable  appendix  to  the  preceding  observations  on 
mixed  manures,  I  am  permitted  to  insert  the  following  very  interesdng 
results  obtained  during  the  present  season,  1842,  from  expenments  made 
on  the  estate  of  Mr.  Burnet,  of  Gadgirth,  near  Ayr.  The  crop  to  which 
the  several  manures  were  applied  was  wheat  of  the  ecltpfc  variety,  sown 
on  the  29th  of  October,  1841,  and  reaped  on  the  15th  of  August  laat. 
The  soil  is  a  loam  with  subsoil  of  clay,  tile  drained  and  trenched  plough- 
ed. It  had  been  in  beans  the  previous  year,  and  gave  six  quarters  per 
acre,  which  were  sold  at  46s.  a  quarter.  No  manure  had  been  applied 
with  the  bean  crop,  and  except  a  good  dose  of  lime  before  sowing  the 
wheat,  nothing  but  the  saline  mixtures  mentioned  below  was  applied 
with  this  latter  crop. 

PEODVos.  100  Ibc  ofsralB 

AppUe«tloop«riiiipeftelMre.       * ^  %  Weight  per  prodaeed     of 

Btnw.  GntlD.  biMlML        fine  floar. 

e»L  buMk.  lb$.  Ou.  tte. 

wlS^i4cr^'"^M        351  39    64  60 

Sulphate  of  Ammonia,  9  cwt 


44|  49     6  60  63i 

45  49     0  60  65i 

44i  48    90  59  54| 


Sulphate  of  Soda,  3  cwt 

Wood-ashes,  4  ewt .    . 

Sulpnate  of  Ammonia,  2  cwt  ] 

Common  Salt,  2  cwt 

Wood-ashes.  4  cwt  .    .    . 

Sulphate  of  Ammonia,  2  cwt  ] 

Nitrate  of  Soda,  1  cwt . 

Wood-ashes,  4  cwt. .    . 

NoAppiicatum .29}  31    38  61|  T6| 

The  reader  will  observe  here  that  though  the  first  mixture  produced 
a  large  increase  both  of  straw  and  grain,  a  still  lar^r  additional  increase 
was  caused  by  mixing  with  the  substances  of  which  it  consisted  either  com- 
mon salt  or  sulphate  of  soda  or  nitrate  of  soda.  Each  of  these  three  substan- 
ces produced  nearly  the  same  efTect.  The  soda,  therefore,  more  than  the 
adid  with  which  it  was  combined,  must  in  these  cases  have  acted  bene- 
ficially. The  comparatively  small  proportion  of  fine  flour  yielded  by 
the  nitrated  wheat,  and  the  comparatively  large  proportion  obtained 
from  that  to  which  no  application  was  made,  are  also  highly  deserving 
of  notice. 

Mr.  Burnet  has  transmitted  to  me  samples  of  the  flour  from  these 
several  growths  of  wheat,  with  the  view  of  determining  the  relative 


The  salphttte  of  ammonia  waa  prepared  from  urine,  and,  therefore,  contained  oOier  ad- 
_       .  ......   j^jjj^ 

lota  I 


miztarM  (page  349).  The  atraw  was  alroageat,  eoarieat,  and  longeat  In  ripening,  where 
this  milphate  was  applied.  The  two  guanos  produced  liule  luiuriance,  but  Uie  lota  to  which 
ih»T  were  applied  were  soonest  ripe; 
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proportions  of  gluten  they  oootain.  The  result  of  this  ezamination, 
which  caoooc  fail  to  be  interestiog,  will  be  given  in  a  succeeding  Lec- 
ture—before which,  however,  I  hope  the  whole  of  Mr.  Burnet's  experi- 
ments will  be  laid  before  the  public. 

It  will  be  observed  that  Mr.  Burnet  has  exercised  a  sound  discretion 
in  making  and  trying  mixtures  noC  hitherto  specifically  recommended. 
It  is  by  the  result  of  such  varied  experimental  trials*  made  by  intelU* 
gent  praeticai  men,  on  difierent  soils  and  crops,  and  with  mixtures  of 
which  the  eonsUtutian  is  exaelly  knmanf  that  we  shall  be  able  hereafter  to 
correct  our  theoretical  principles  as  well  as  to  simplify  and  render 
more  sure  our  general  practice.* 

*  WhHe  thii  iliMt  hi  goiDf  fbxvNif  h  tbe  preat,  I  am  infbnnMl  that  the  tOieaU  ofpotaah. 
referred  to  at  page  319,  la  now  manafactared  by  the  Meaan.  DjrmoDd,  of  London,  aoa 
maT  tie  obtained  m>in  the  London  dedera  at  66a.  a  cwt.  I  expect  alao,  that  a  ailieate  of  aeda 
wUl  aooa  be  brooght  into  the  market  by  the  Meaara.  Cookaon'a,  of  tbe  Jarrow  Alkali  Worka, 
at  a  mocb  lower  price.  Tbe  pnbabte  eAcacy  of  theae  aabatancea,  aa  manorea,  baa,  no 
doQbc,  been  extoDed  too  Mghly  by  aome— dielrrral  elBcacTf  however,  ia  well  deaeriing  of 
InveaiigaUon.  I  ahall  inaert  In  the  Appendix  No.  VII,  therefore,  aome  aogneaClona  for  espexl- 
■MMB  with  Oieae  aabatancea,  In  tbe  hope  that  during  the  WMOlng  aprlng,  1843,  aome  experi- 
■UBis  «B  U)e  aottject  may  be  made. 
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LECTURE  XVII. 

Use  of  lime  at  a  miinare.  Value  of  lime  in  improrlng  ihe  aofl.  Of  Ibe  eonpMUkm  of  cob- 
Mon  and  magaeaian  Hme-atonea.  Burotfif  and  alakinf  of  lime.  Chang ea  which  alaked 
lime  underfoea  by  exposure  to  the  air.  Various  no/Mra/  slatea  in  which  cariKinaie  of  lime 
Ib  applied  to  the  land.  Marl— «heU  and  coral  sand,— lime  atone  aand  and  frarel,— craalied 
lime  stone.  Chemical  compositton  of  various  marla,  and  ahell  and  liroe-«ona  sMida. 
Their  effects  on  the  soil.  Use  of  challc.  la  lime  necessary  to  the  aoll  1  Exhaoating  ef- 
fect of  lime.  Analogy  between  this  action  of  lime  and  that  of  wood-aahca.  Quantity  of 
lime  to  bft  applied.  Effects  o(  an  civerdose.  Form  In  which  ft  may  be  OKMt  pnidenlly 
use<l.  When  it  ought  to  be  applied  in  reference  to  the  aeaaon— to  the  rolation--and  lo  the 
application  of  manure,  lis  general  and  special  effects  on  different  soils  and  crops.  Cir- 
cumatanees  which  influence  ita  action.  Length  of  lime  during  which  ita  effects  are  per- 
ceptible. Theory  of  the  action  of  lime.  Necessity  and  nature  of  the  exhauation  which 
it  sometimes  produces.  Sinking  of  lime  Into  the  soil  Why  the  application  of  lime  muat 
be  repeated.  Action  of  lime  on  Uving  animals  and  Tngelahles.  BiigiestioDs  of  Ibeoiy. 
Use  of  ailicate  of  lime. 

Having  explained  to  you  the  action  of  the  most  important  saline  and 
mixed  mineral  substances  which  are  or  may  be  benencially  applied  to 
the  soil,  I  have  noi^  to  draw  your  attention  to  the  use  of  lime— the  most 
valuable  and  the  most  extensively  used  of  all  the  mineral  substances 
that  have  ever  been  made  available  in  practical  agriculture. «  It  has,  and 
with  much  reason,  been  called  "  the  basis  of  all  good  husbandry" — it  well 
deserves,  therefore,  your  most  serious  attention  as  practical  men,  and  on 
my  part  the  application  of  every  chemical  lieht  bv  which  its  usefulness 
may  be  explained  and  your  practice  euided.  This  consideration  also 
will  justify  me  in  dwelling  upon  it  with  some  detail,  and  in  illustrating 
separately  the  various  points,  both  of  theory  and  practice,  which  present 
themselves  to  us,  when  we  study  the  history  of  its  almost  universal  ap- 
plication to  the  soil. 

§  1.  Of  ihe  eompandon  of  common  and  magnesian  Ume-sttmes, 
1°.  Common  lime'Stones.'^hime  is  never  met  with  in  nature  except 
in  a  state  of  chemical  combination  (Lee.  I.,  §  5,)  with  some  other 
substance.    That  which  is  usually  employed  in  agriculture  is  met  with 
in  the  state  of  carbonate. 

Carbonate  of  lime,  or  common  lime-stone,  consists  of  lime  and  car- 
bonic acid,  and  when  perfectly  pure  and  dry,  in  the  followiog  propor- 
tions :— 

'.  -«<;^pw  per  cent 

Carbonic  acid,        43*7  ^ 

Lime,    .     .    .       66-3  I  or  one  ton  of  pure  dry  carbonate  of 
—  (  lime  contains  Hi  cwts.  of  lime. 

100  / 
Limestones,  however,  are  seldom  pure.  They  always  contain  a  sensi- 
ble quantity  of  other  earthy  matter,  chiefly  sihca,  alumuia,  and  oxide 
of  iron,  with  a  trace  of  phosphate  of  lime,  sometimes  of  potash  and  soda, 
and  often  of  animal  and  other  organic  matter.  In  lime-stones  of  the 
best  quality  the  foreign  earthy  matter  or  impurity  does  not  exceed  5  per 
cent,  of  the  whole — while  it  is  often  very  much  less.     The  chalks  and 
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mountain  lime-stones  are  generally  of  this  kind.  In  those  of  inferior 
quality  it  may  amount  to  12  or  20  percent.,  while  many  calcareous  heds 
are  met  with  in  which  the  proportion  of  lime  is  so  small  that  they  will 
not  burn  into  agricultural  or  ordinary  building  lime—- refusingtoslake  or  to 
fall  to  powder  when  moisiened  with  water.  Of  this  kind  is  the  Irish  calp 
and  the  lime-stone  nodules  which  are  burned  for  the  manufacture  of 
hydraulic  limes  or  cements.*  It  is  easy  to  ascertain  the  quantity  of 
earthy  matter  contained  in  lime-stone,  by  simply  introducing  a  known 
weight  of  it  into  cold  diluted  muriatic  acid  and  observing  or  weigh- 
ing the  part  which,  aAer  12  hours,  refuses  to  dissolve  or  to  exhibit  any 
enervescence.  It  is  to  the  presence  of  these  insoluble  impurities  that 
lime-stones  in  general  owe  their  colour,  pure  carbonate  of  lime  being 
perfectly  white. 

2°.  Magnanan  lime-stone. — Though  often  nearly  white,  the  mag- 
nesian  lime-stones  of  our  island  are  generally  of  a  yellow  colour.  They 
cannot  by  the  eye  be  distinguished  from  common  lime-stones  of  a  similar 
colour,  but  they  are  characterised  by  containing  a  greater  or  less  pro- 
portion of  carbonate  of  magnesia,  which  is  more  or  less  easily  detected 
by  analyns.  Pure  carbonate  of  magnesia  consists  of 
per  cent 
Carbonic  acid,  51*7 "] 

Magnesia     •    48*3  i  or  one  ton  of  pure  dry  carbonate  of  mag- 
—  I     nesia  contains  9{  cwts.  of  magnesia. 
100     J 
It  contains,  therefore,  a  considerably  lafger  proportion  of  carbonic 
acid  than  is  present  in  carbonate  of  lime. 

Magnesian  lime-stone  is  very  abundant,  is  indeed  the  prevailing  rock 
in  many  parts  of  England  (Lee.  XI.,  sec.  4),  but  the  proportion  of  car- 
boDate  of  magnesia  it  contains  is  very  various  in  different  localities. 
Even  in  the  same  quarry  different  beds  contain  very  unlike  proportions 
of  oaagoesiat  and  are  therefore  more  or  less  fitted  for  agricultural  pur- 
poses. Thus  several  varieties  of  this  lime-stone,  examined  by  myself, 
from  different  pans  of  the  county  of  Durham,  contained  the  two  car* 
bonates  in  the  following  proportions:— 
_^  AlamliuL 

Carbonate  Cart>*ate  Oxide  of  T'-   '  < 

of  of       Iron,aiul  faaoloble 

Lime.  Masnetla.  Phospbo*  maUer. 
ric  Add. 
Ghinnondsway    .    97*5        2*5        trace     trace  Hard  compact  grey. 
Stony-gate    .    .      98*0        1*61      0*37       0*12  Crystalline  fine  grained  yellow 
FulweU    ...      95-0       21       03        2-6    j  Hon^;^^  crywIUn. 
Sealiam(A)    .    .  96-5       2-3       0^         1-0  Hard  fine-grained  compact 


'i?! 


975 

2*5 

trace 

980 

1*61 

0^37 

950 

21 

03 

96*5 

23 

0-3 

960 

13 

0*2 

545 

44-93 

0*33 

.)57-9 
t)60-41 

41-8 

1 

38-78 

1 

^•1 

44*73 

1*58 

3-5  Hard  porous  brown. 


Hardepo^    .    .      54*5      44-93      0*33  0*24  Oolitic  yellow. 

Humbledon  Hill(A)57-9      41-8         1  028  Perfect  encrinal  columns. 

«  "    (B)60-41    38-78        1  0*81  Consisting  in  part  encrinal  col. 

FerryhiU    ...     541      44*72      1*58  46  Yellowish  compact. 

Some  of  these  varieties,  as  we  see,  contain  very  little  carlwnate  of 

*  Thae  that  of  Aberthaw  coDlalna  aboat  86  of  carbonate  of  lime  and  11  of  elay,  *e. ;  that 
of  Yortuliire  02  of  carbooate  of  lime  anil  34  of  clay ;  of  Sltepmr  66  of  carbonate  of  lime 
•ad  33  of  elay.  These  Ume-aionea  are  burned,  and  iben  cniahed  to  an  impaljMble  powder. 
which  seto  aiffloet  Immediately  when  mUed  up  with  water. 
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magDema*  and,  therefore,  are  found  to  produce  excellent  lime  for  agri- 
cultural purpoees— while  iu  others  this  substance  forms  nearly  one-half 
of  the  whcde  weight  of  the  rock.  Similar  ditferences  are  found  to  pre- 
Tail  in  almost  every  locality. 

This  admixture  of  magnesia  in  greater  or  less  quantity  is  not  confined 
to  the  lime-stones  of  the  magnesian  lime-stone  formation  properly  so 
called.  It  is  found  in  sensible  quantity  in  certain  beds  of  lime-stone  in 
nearly  everf  geological  formation,  ana  there  are  few  natural  lime-stiKies 
of  any  kind  in  which  traces  of  it  may  not  be  discovered  by  a  carefully 
conducted  chemical  examination. 

The  simplest  method  of  detecting  magnesia  in  a  limestone  is  to  dis- 
solve it  in  ailuted  muriatic  acid,  and  then  to  pour  clear  lime  water  into 
the  filtered  solution.  If  a  light  white  powder  fall,  it  is  magnesia.  The 
relative  proportions  in  two  lime-stones  WBy  be  estimated  pretty  nearly 
by  dissolvine  an  equal  weight  of  each,  pouring  the  filtered  solutions  into 
bottles  whicn  can  he  corked,  and  then  filling  up  both  with  lime  water. 
On  subsiding,  the  relative  bulks  of  the  precipitates  will  indicate  the 
lespective  richness  of  the  two  varieties  in  magnesia. 

^  2.  Of  (he  burning  and  slaking  of  lime. 

Burning. — ^When  carbonate  of  lime  or  carbonate  of  magnesia  is 
heated  to  a  high  temperature  in  the  open  air  the  carbonic  acid  they 
severally  contain  is  driven  off^  and  the  lime  or  magnesia  remains  in  the 
caustic  state.  When  thus  heated  the  carbonate  of  magnesia  parts  with 
its  carbonic  acid  more  speedily  and  at  a  lower  temperature  than  car- 
bonate of  Ume. 

On  the  lar^  scale  this  burning  is  conducted  in  lime  kilns,  one  too  cood 
Ume-stone  yielding  about  11  cwts.  of  burned^  jAett,  ^uiek^  or  caiwliclmie. 

SUdnng.^'WheB  this  shell  or  quick-lime,  as  it  is  taken  firom  the 
kiln,  is  plunged  into  water  for  a  short  time  and  then  withdrawn,  or  when 
a  quantity  of  water  is  poured  upon  it,  heat  is  developed,  the  lime  swells, 
cracks,  gives  ofi'much  watery  vapour,  and  finally  falls  to  a  fine,  bulky, 
more  or  less  white  powder.  These  apjpearances  are  more  or  leas  rapid 
and  striking  according  to  the  quality  of  the  lime,  and  the  time  that  has 
been  allowed  to  elapse  after  the  burning,  before  the  water  was  applied. 
All  lime  becomes  difficult  to  slake  when  it  has  been  for  some  time 
exposed  to  the  air.  When  the  slaking  is  rapid  as  in  the  rich  limes,  the 
heat  produced  is  sufficient  to  kindle  gunpowder  strewed  upon  it,  and  the 
increase  of  bulk  is  from  2  to  3i  times  that  of  the  original  time  shells.  If 
the  water  be  thrown  on  so  rapidly  or  in  such  quantity  as  to  chill  the 
lime  or  any  part  of  it,  the  powder  will  be  gritty,  will  contain  many  little 
lumps  whicn  refuse  to  slake,  will  also  be  less  bulky  and  less  minutely 
diviaed,  and  therefore  will  be  less  fitted  either  for  agricultural  or  for 
building  purposes. 

When  quick-lime  is  led  in  the  open  air,  or  is  covered  over  with  sods 
in  a  shallow  pit,  it  gradually  absorbs  water  from  the  air  and  from  the 
soil,  and  falls,  though  much  more  slowly,  and  with  little  sensible  deve- 
lopment of  beat,  into  a  similar  fine  powder.  In  the  rich  limes  the 
iocreaee  of  bulk  may  be  3  or  3^  times.  In  the  poorer,  or  such  as  contain 
much  earthy  matter,  it  may  be  less  than  twice. 

Hydrate  of  Lime. — ^When  quick-lime  is  thus  slaked  it  combinei  with 
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the  water  which  is  added  to  it,  wad  becomes  converted  ioto  a  milder  or 
less  caustic  compound,  which  among  chemists  is  known  by  the  name  of 
hydrate  of  lime.    This  hydrate  consists  of 
par  cant 
Lime  .     •     •    76  ?  or  one  ton  of  pure  burned  lime  become* 
Water     .    .    24  >         nearly  25  cwts.  of  slaked  lime. 

100 
It  is  rare,  however,  that  lime  is  so  pure  or  so  skilfully  and  perfectly 
slaked  as  to  take  up  the  whole  of  this  pro[)ortion  of  water,  or  to  increase 
quite  so  much  as  one-fourth  part  in  weight. 

Hydrate  of  Magnesia. — When  calcined  or  caustic  magnesia  is  slaked, 
it  also  combines  with  water,  but  without  becoming  so  sensibly  hot  as 
quick -lime  does,  and  forms  a  hydrate,  which  consbts  of 
per  cent 
Magnesia    69-7  )  or  one  ton  of  pure  burned  magnesia  be- 
Water .    .  30-0  $         comes  28|  cwts.  of  hydrate. 

100 

When  magnesian  Kme  is  slaked,  the  fine  powder  which  is  obtained 
consists  of  a  mixture  of  these  two  hydrates,  in  proportions  which  depend 
of  course  upon  the  composition  of  ttie  original  lime-stone. 

An  important  difference  between  these  two  hydrates  is,  that  the  hy- 
drate of  magnesia  will  harden  under  water  or  in  a  wet  soil  in  about  6 
days — ^forming  a  hydraulic  cement.  Hydrate  of  lime  will  not  so 
harden,  but  a  mixture  of  the  two  in  the  proportions  in  which  they  exist 
in  the  Hartlepool,  Humbledon,  and  Ferry  hill  lime-stones  (page  365), 
will  harden  under  water,  and  form  a  solid  mass.  In  the  minute 
state  of  division  in  which  lime  is  applied  to  the  soil  the  particles,  if  it 
be  a  maj^nesian  lime,  will,  in  wet  soils,  or  in  the  event  of  rainy  weather 
ensuing  immediately  after  its  application,  become  granular  a^nd  gritty, 
and  cohere  occasionally  into  Iqmps,  on  which  the-  air  will  have  little 
effect.  This  property  is  of  considerable  importance  in  connection  with 
the  further  chemical  changes  which  slaked  limes  undergo  when  exposed 
to  the  air  or  buried  in  the  soil. 

§  3.  Cffumges  tMA  (he  hydrates  of  lime  and  fnagnesia  undcrga  hjpro-* 
longed  exposure  to  the  air» 

When  the  hydrates  of  lime  or  magnesia  obtained  by  slaking  are  ex- 
posed to  the  open  air,  they  gradually  absorb  carbonic  acid  flrom  the  at- 
mosphere, ana  tend  to  return  to  the  state  of  carbonate  in  which  they 
existed  previous  to  burning.  By  mere  exposure  to  the  air,  however, 
they  do  not  attain  to  this  state  within  any  assignable  time.  In  some 
walls  600  years  old,  the  lime  has  been  found  to  have  absorbed  only  one' 
Jburth  of  the  carbonic  acid  necessary  to  convert  the  whole  into  carbon- 
ate; in  others,  built  by  the  Romans  1800  years  a^o,  the  proportion  ab- 
sorbed has  not  exceeded  three-fourths  of  the  quantity  contained  in  natu- 
ral Ume-stones.  In  damp  situations  the  absorption  of  carbonic  acid 
proceeds  most  slowly. 

1^.  Change  widergone  by  pure  Hme  during  spontaneous  slaking^-^ln 
consequence,  however,  of  the  strong  tendency  of  caustic  lime  Co  absorb 
carboqio  acid,  a  considerable  quantity  of  the  hydrate  of  lime  first  formal 
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during  spoDlaneoQs  slaking,  becomes  changed  into  carbonate  diirib|r  the 
slaking  of  the  reat.    But,  when  it  has  all  completely  faUen,  the  rajndity 
of  the  absorption  ceases,  and  the  fine  slaked  lime  consists  of 
Carbonate  of  lime 57*4 

HydmeofUme   |»*«;    !    Ittl     ^ 

100 
or,  a  ton  of  lime,  lefl  in  the  open  air  till  it  has  completely  fallen  to  pow- 
der, contains  about  8i  cwt.  in  the  state  of  hydrate.  If  left  to  slake  in 
large  heaps,  the  lime  in  the  interior  of  those  heaps  will  not  absorb  so 
much  carbonic  acid  till  after  the  lapse  of  a  very  considerable  time. 
More  caustic  lime  (hydrate)  also  will  be  present  if  it  be  left  to  slake,  as 
is  often  done  for  agricultural  purposes,  in  shallow  pits  covered  with  sods, 
to  defend  it  from  the  air  and  the  rains. 

After  the  lime  has  attained  the  state  above  described,  and  which  is  a 
chemical  compound*  of  carbonate  with  hydrate  of  lime,  the  further  ab- 
sorption of  carbonic  acid  from  the  air  proceeds  very  slowly,  and  is  only 
completelv  efiected  after  a  very  long  period. 

2°,  When  slaked  in  the  orainary  way  lime  falls  to  pNOwder,  without 
having  absorbed  any  notable  quantity  of  carbonic  acid.  Numerous 
small  lumps  also  remain,  which,  though  covered  with  a  coating  of  hy- 
drate, have  not  themselves  absorbed  any  water.  The  absorption  of  car- 
bonic acid  by  this  slaked  lime  is  at  first  very  rapid, — so  that  where  the 
full  efiect  of  caustic  lime  upon  the  soil  is  required,  it  ought  to  be 
ploughed  in  as  early  as  possible, — but  it  gradually  becomes  more  slow, 
a  variable  proportion  of  the  compound  of  carbonate  and  hydrate  above 
described  is  formed,  and  even  when  thinly  scattered  over  a  grass-field, 
an  entire  year  may  pass  over  without  eftecting  the  complete  conversion 
of  the  whole  into  carbonate. 

3^.  Calcined  cr  burned  nutgnesia,  whether  in  the  pure  state  or'mixed 
with  qaiok-lime,  as  in  the  magnesian  limes,  absorbs  carbonic  acid  more 
slowly— and  by  mere  exposure  to  the  air  will  probably  never  return  lo 
its  original  condition  of  carbonate. 

When  allowed  to  slake  spontaneously,  three-fourths  of  it  become  ul- 
timately changed  into  carbonate,  and  form  a  compound  of  hydrate  and 
carbonate  which  is  identical  with  the  common  uncalcined  magnesia  of 
the  shops.    This  compoundf  consists  of— 

Carbonate  of  Magnesia 69*37 

Hydrate  of  Magnesia    .......    16*03 

Water 14*60 

100 
and  it  undergoes  no  further  change  by  continued  exposure  to  the  air. 

But  if  slaked  by  the  direct  application  of  water,  magnesia,  like  lime, 
forms  a  hydrate  only,  without  absorbing  any  sensible  quantity  of  car- 

*rrbls  eompoond  oonstits  of  one  atom  of  caitMNitta  of  1lBie.(0»O  4>  C04)fioinMtdBmi 
oneof  hydrate  (OaO-f  HOx  uhI  it  repraeeated  eboKtly  by  <>ftt' -f  6aH— In  Which  Ga  de- 
iMMca  calelnm  (Lae.  OL,  S4),  OaO  or  On  ozlde  of  oalefam  or  lima,  00.  or  '6  Gaihoaw  acid 
CI'*^^- nL,  S  I),  and  H  O  or  H  water  (Lee  IL,  §  6V 

tfti8renr8aentedbyU»efennula3CJlg(5+ft)+ftglL  ^  j 

Digitized  byLjOOQlC 
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boDic  acid.  Tke  hydrate  thus  prodaced  is  met  with  in  the  form  of 
mineral  deposits  on  various  parts  of  the  earth's  surface,  and  this  mineral 
is  not  known  to  undergo  any  change  or  to  absorb  carbonic  acid  though 
exposed  for  a  great  length  of  time  to  the  air.  When  magnesiau  limes 
are  slaked  by  water,  therefore,  the  magnesia  they  contain  may  remain 
in  whole  or  in  part  in  the  caustic  state  (of  hydrate),  which  will  change 
but  slowly  even  when  exposed  to  the  air.  When  it  is  left  to  sponta- 
neous slaking,  one-fourth  of  it  at  least  will  always  remain  in  the  caustic 
state,  however  long  it  may  be  exposed  to  ihe  air. 

Should  a  lime  So  naturally  of  such  a  kiud,  or  be  so  mixed  with  the 
ingredients  of  the  soil  as  to  form  a  hydraulic  cement  or  an  ordinary 
mortar,  which  will  solidify  when  rains  come  upon  it,  or  when  the  natu- 
ral moisture  of  the  soil  reaches  it— the  absorption  of  carbonic  acid  will 
in  a  great  measure  cease  as  it  becomes  solid,  and  a  large  proportion  of 
the  lime  will  remain  caustic  for  an  indefinite  period. 

§  4.  States  of  ehenUcal  eonUnnaHon  in  uhuh  lime  may  he  applied  to 

ike  land. 

There  are,  therefore,  four  distinct  states  of  chemical  combination,  in 
which  pure  lime  may  be  artificially  applied  to  the  land. 

1  ^.  Quick-lime  or  lime  shells^  in  which  the  lime  as  it  comes  from  the 
kiln  is  uncombined  either  with  water  or  with  carbonic  acid. 

2°.  Slaked  lime  or  hydrate  of  lime,  in  which  by  the  direct  application 
of  water  it  has  been  made  to  combine  with  about  one-fourth  of  its  weight 
of  water. 

In  both  these  states  the  lime  is  caustic,  and  may  be  properly  spoken  of 
as  caustic  lime. 

3°.  Spontaneously  slaked  lime,  in  which  one-half  of  the  lime  is  com- 
hined  with  water  and  the  other  half  with  carbonic  acid.  In  this  state 
it  is  only  half  caustic. 

4^.  Carbonate  of  Ztme— the  state  in  which  it  occurs  in  nature,  and  to 
which  burned  lime,  after  long  exposure  to  the  air,  more  or  less  perfectly 
arrives.  In  this  state  linie  possesses  no  caustic  or  alkaline  (Lee.  III., 
§  5,  note)  properties,  but  is  properly  called  mild  lime. 

5^.  Bi-earbonate  of  Ume  may  be  adverted  to  as  a  fifth  state  of  com- 
hination,  in  which,  as  I  have  previously  explained  to  you  (Lee.  III., 

tJL),  nature  usually  applies  lime  to  the  land.  In  this  state  it  is  com- 
ined  with  a  double  proportion  of  carbonic  acid,  and  is  to  a  certain  ex- 
tent readily  soluble  m  water.  Hence,  springs  are  often  impregnated 
with  it,  and  the  waters  that  gash  from  fissures  in  the  lime-stone  rocks 
spread  it  through  the  soil  in  their  neighbourhood,  and  sweeten  the  land. 

I  shall  hereafter  speak  of  these  several  states  under  the  names  of 
quiek']ime,  hydrate  of  lime,  spontaneously  slaked  lime,  carbonate  of 
Hme,  and  Bi-carbonate  of  Ume.  By  adhering  to  these  strictly  correct 
names,  we  shall  avoid  some  of  that  conftision  into  which  those  who  have 
hitherto  treated  of  the  use  of  lime  as  a  manure  have  unavoidably  fallen. 
The  term  mildf  you  will  understand,  applies  only  to  that  which  is  en- 
tirely in  the  state  of  carbonate. 

Magnesia,  in  the  magnesian  limes,  may  in  like  manner  be  either  in 
the  state  of  calcined  magnesia,  ot  hydrate  of  magnesia,  of  spontaneously 
s2aA:e<i— ^meaning  by  this  the  compound  oif  hydrate  with  carbonate— of 
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carUmaU,  or  of  Bi-carbonaU  of  magnesia^  the  latter  of  which  is  soluble 
io  water  to  a  very  considerable  extent.* 

^  5,  Cfthe  varunu  natural  fcrm$  in  vMck  carbonate  of  lime  w 
apMed  to  the  land. 

In  the  onbumed  or  natural  state,  Ume  is  met  with  on  the  earth's  sur- 
face in  numerous  forms— in  many  of  which  it  can  be  applied  largely, 
easily,  and  with  economy  to  the  land. 

1^.  Jlforj.— Of  these  Jbrms  that  of  marl  occurs  most  abundantly,  and 
is  most  extensively  used  in  almost  every  country  of  Europe,  fiy  the 
term  marl,  is  understood,  as  I  explained  to  you  when  treating  of  soiU 
(Lee.  XI.,  §  3),  an  earthy  mixture,  which  coniains  carbonate  of  lime,  and 
eflfervesces  more  or  less  sensibly  when  an  acid  (vinegar  or  diluted  roa* 
riatic  acid — spirit  of  salt)  is  ^toured  upon  it.  Generally,  also,  the  tena- 
cious marls,  when  introduced  into  water,  lose  their  coherence,  and  gra- 
dually fall  to  powder.  This  test  is  often  employed  to  distinguish  betweeu 
marly  and  other  clays,  yet  the  falling  asunder,  though  it  afibrd  a  pre- 
sumption, is  not  an  infallible  proof  that  the  substance  tried  is  really  a 
marl. 

Marls  are  of  various  colours,  white,  grey,  yellow,  blue,  and  of  various 
degrees  of  coherence,  some  occurring  in  the  form  of  a  more  or  less  fine, 
loose,  sandy  powder,  others  being  tenacious  and  clayey,  and  others, 
again,  hard  and  stony.  These  diflerences  arise  in  part  from  the  kind 
and  proportion  of  the  earthy  matters  they  contain,  and  in  part,  also,  from 
the  nature  of  the  locality,  moist  or  dry,  in  which  they  are  found.  The 
hard  and  stony  varieties  are  usually  laid  upon  the  land,  and  exposed  to 
the  pulverising  influence  of  a  winter's  frost  before  they  are  either  spread 
over  the  pasture  or  ploughed  into  the  arable  land.  Some  rich  marls 
consist  in  part  or  in  whole  of  broken  and  comminuted  shells,  which 
clearly  indicate  the  source  of  the  calcareous  matter  they  contain. 
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The  eharactertstic  property  of  troe  marls  of  every  variety  is,  I  have 
said,  the  presence  of  a  coDsiderable  per  centa^e  of  carbonate  of  lime  in 
the  state  of  a  fine  powder,  and,  in  general,  diffused  uniformly  through 
the  entire  mass.  To  this  calcareous  matter  the  chief  efficacy  of  theee 
marls  is  no  doubt  to  be  ascribed,  yet  as  they  always  contain  other  chemi- 
cal compounds  to  which  the  special  efficacy  of  certain  varieties  has 
sometimes  been  ascribed,  it  may  not  be  improper  to  direct  your  attention 
to  the  preceding  table,  in  which  the  constitution  of  several  marls,  fiom 
different  localities,  is  represented,  after  the  analyses  of  Sprengel. 

Several  reflections  will  occur  to  you  on  looking  at  these  tables-— such  as 

i^n^— that  marls  differ  very  much  in  composition,  and  therefore 
must  differ  very  mach  also  in  the  eSeds  which  they  are  capable  of  pro- 
ducing when  applied  in  the  same  quantity  to  the  same  kinds  of  land. 

iSeeofu^— that,  among  other  differences,  the  proportion  of  carbonate  of 
lime  is  very  unlike— in  some  varieties  amounting  to  85  lbs.  out  of  every 
hundred,  while  in  others  as  little  as  5  lbs.  are  present  in  the  same  weifht. 
You  will  understand,  therefore,  how  very  different  the  quantity  applied 
to  the  land  must  be,  if  these  several  varieties  are  to  produce  an  eiqual 
liming  or  to  add  equal  quantities  of  lime  to  the  soil.  You  wilWsee  that 
each  of  three  persons  may  be  adopting  the  best  practice  with  his  own 
marl— 4hough  the  one  addf  only  12  to  20  tons  per  acre,  while  the  seeond 
adds  50  to  60,  and  the  third  100  to  120  tons. 

TAtn^— that  the  proportion  of  phosphate  of  lime  (bone-earth)  is  in 
some  marls  considerably  greater  than  in  others.  Thus  with  every  ton 
of  the  first  of  the  above  marls  you  would  lay  on  the  soil  52  lbs.  of  bone 
earth— about  as  much  as  is  contained  in  a  cwt.  of  bone-dost— while  with 
the  second  you  would  only  add  11  lbs.  Inso  far  as  theireffects  upon  the 
land  depend,  or  are  influenced  by  the  presence  of  this  substance,  there- 
fore, they  must  also  be  very  different.    And 

Famrtn^^Mhat  the  mechanical  effects  of  these  marls  upon  the  soil  to 
which  they  are  added  must  be  very  unlike,  since  some  contain  70  or  80 
lbs.  of  sand  in  every  hundred— while  others  contain  a  considerable 
quantity  of  clav.  The  opening  effects  of  the  one  marl,  and  the  stiffen- 
ing effects  of  toe  other,  when  they  are  laid  on  in  large  quantities,  con- 
not  fail  to  produce  very  different  alterations  in  the  physical  characters  of 
the  soil. 

29.  Shell  SonJ.— The  sands  that  skirt  the  shores  of  the  sea  are  found 
in  many  localities  to  be  composed,  in  large  proportion,  of  the  fragments 
of  broken  and  coimninuted  shells.  These  form  a  calcareous  sand, 
mixed  occasionally  with  portions  of  animal  matter,  and,  when  taken 
fresh  from  the  sea-shore,  with  some  saline  matter  derived  from  the  sea. 

Such  is  the  case  in  many  places  on  the  coast  of  Cornwall.  From 
these  spots  the  sand  is  transported  lo  a  distance  of  many  miles  into  the 
interior  for  the  porpose  of  being  laid  upon  the  land.  It  has  been  esti- 
mated* that  seven  millbns  of  cubic  feet  are  at  present  employed  every 
year  in  that  county  for  this  purpose. 

Go  the  western  coast  of  Scotland  also,  and  on  the  shores  of  the  island 
of  Arran  and  of  the  Western  Isles,  this  shell  sand  abounds,  and  is 
applied  extensively,  and  with  remarkably  beneficial  effects,  both  to  the 


*  De  la  Bech«*i  Qeote^UtU Report  on  CornuaUt  ^v.,  p.  480.. 
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pasture  lands  and  to  the  peaty  soils  that  cover  so  large  an  area  in  this 
remote  pan  of  Scotland.  It  is  chiefly  along  the  coasts  that  it  has  hith- 
erto been  exlenHively  employed,  and  it  is  transported  by  sea  to  a  dis- 
tance of  80  or  100  miles.  **In  the  island  of  Barray  alone,  there  sre 
four  square  miles  of  shells  and  shell  sand  of  the  finest  quality  and  of  an 
indefinite  depth.'**  When  covered  with  a  dressing  of  this  shell  sand  the 
peaty  surface  becomes  covered  with  a  sward  of  delicate  grass-^and  the 
border  of  green  herbage  that  skirts  the  shores  of  these  islands  in  to 
many  places  is  to  be  ascribed  either  to  the  artificial  application  of  such 
dressing  or  to  the  natural  action  of  the  sea  winds  in  strewing  the  iioe 
sand  over  them,  when  seasons  of  storm  occur. 

The  coasts  of  Ireland  is  no  less  rich  in  such  sand  in  many  parts  both 
of  iu  Durthern  and  southern  coasts.  A  century  and  a  half  ago,  it  is 
known  to  have  been  used  for  agricultural  purposes  inthcnorthof  Ireiaod 
—and  nearly  as  long  ago  lo  have  been  brought  over  to  the  opposite  (Gal* 
lowav)  coast  of  Scotland  with  a  view  of  being  applied  to  the  land  (Mac- 
donald).  In  the  south,  according  to  Mrs.  Uall,t  the  coral  sand  raised 
in  Bantry  Bay  alone  produces  d£4000  or  «€5000  a-year  to  theboauuen 
who  proiure  it  and  to  the  peasants  who  convey  it  up  the  country. 

On  the  coast,  of  France,  and  especially  in  Britan^,  opposite  to  Coni- 
wallf  on  the  other  side  of  the  English  channel,  it  is  obtained  in  large 
quantity,  and  is  in  great  demand.^  It  is  applied  lo  the  clay  soils  aod^ 
marshy  grass  lands  with  much  advantage,  and  is  carried  far  inland  for 
this  purpose.  It  is  there  called  (rec,  and  is  laid  on  the  land  at  the  rale 
of  10  to  15  tons  per  acre.  On  the  southern  coasuof  France,  where  shell 
sand  is  met  with,  it  is  known  by  the  name  of  tongue  or  tongue. 

The  shell  sand  of  Cornwall  contains  from  40  to  70  per  cent,  of  carbo- 
nate of  lime,  with  an  equally  variable  small  admixture  of  animal  ids'' 
ter  and  of  sea  salu  The  rest  is  chiefly  siliceous  sand.  Other  varieues 
have  a  similar  composition.  Two  specimens  of  tongue  from  ^^'^^ 
of  France,  analysed  by  Vitalis,  and  one  of  shell  sand  from  the  ialao0 
of  lala,  partially  exanuned  by  myself,  consisted  of 

Ttaflos  froB  ttis  Shell  Bind 

flouUiofFkvnoe.  tnml^ 

Sand,  chiefly  siliceous    ....    20*3    40  {  7 1*7  to  65*7 

Alumina  and  Oxide  of  Iron  ...      4-6      4-6  I 

Carbonate  of  Lime    ....'.    660    47*6  28    to 34 

Phosphate  of  Luue ?          ?  0*3 

Water,  and  loss 9*1      7*9  — 

100     100  100 

3°.  Carol  sand  is  similar  in  its  nature  to  the  shell  sand  with  f^^^\}^ 
is  often  intermixed  on  the  sea-shore.  It  is  collected  in  consideraW^ 
quantities,  however,  by  the  aid  of  the  drag-— >beinff  torn  up  by  ^®j  jfT 
men  in  a  living  state— on  the  coasts  of  Ireland  (Bantiy  Bay  ao°  y^ 
where),  and  on  the  shores  of  Britany,  especially  near  the  mouths  of  iw 
rivers.  In  this  fresh  state  it  is  preferred  by  the  farmer,  probably  bec^w 
it  contains  both  more  saline  and  more  animal  matter.    This  aoui'"^ 

t  ?J***'?J*'5^?'*,^iJ'*«*''«««'  Survey  o/the  EMnidu^  p.  401. 

X  rayea  «nd  DouuliigaalL    Annaif  de  CMm.  et  it  PAyf.,  tUrd  nrim^  Ul.,  p.  ^ 
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matter  enables  it  to  unite  in  some  measure  the  beneficial  ejects  which 
follow  from  the  application  of  marl  and  of  a  small  dressing  of  farm- 
yard or  other  valuable  mixed  manure. 

Payen  and  Boussingault  ascribe  the  principal  efficacy  of  the  shell 
and  coral  sands  to  the  small  quantity  of  animal  matter  which  is  present 
in  them.  These  chemists  estimate  the  relative  manuring  powers  of 
difierent  substances  applied  to  the  land  by  the  quantities  of  nitrogen  which 
they  severally  contain,  and  thus*  compared  with  farm-yard  manure, 
attribute  lo  the  shell  and  coral  sands  the  following  relative  values :— 

Contain  of  ,    Relative 
NiUx>gen.  valuea. 

100  lbs.  of  Farm-yard  Manure 0*40    lbs.  100 

do.      of  Coral  Sand  (Merl) 0-612  lbs.  128 

do.      of  Shell  Sand  (IVez) 0-13    lbs.  32i» 

That  is  to  say,  that,  in  so  far  as  the  action  af  these  substances  is  de- 
pendent upon  the  nitrogen  they  contain,  fresh  coral  sand  is  nearly  one- 
third  more  valuable  than  farm-yard  manure,  while  fresh  shell  sand  is 
only  equal  in  virtue  to  one-third  of  its  weight  of  the  same  substance. 

Though,  as  I  have  already  had  frequent  occasion  to  observe  to  you, 
much  weight  is  not  to  be  attached  to  ^ch  methods  of  estimating  the 
relative  values  of  manuring  substances  by  the  proportions  of  any  one 
of  the  ingredients  they  happen  to  contain — ^yet  the  fact,  that  so  much 
animal  matter  is  occasionally  present  in  the  living  corals,  accounts  in  a 
satisfactory  manner  for  the  immediate  effects  of  this  form  of  calcareous 
application.  This  animal  matter  acts  directly  and  during  the  iirst  year ; 
the  carbonare  of  lime  begins  to  shew  its  beneficial  influence  most  dis- 
tinctly when  two  or  three  years  have  passed. 

4^.  Lime-stone  Sand  and  GraveL^iU  countries  which  abound  in 
lime-sfones,  there  are  found  scattered  here  and  there,  in  the  hollows  and 
on  the  hill  sides,  banks  and  heaps  of  sand  and  gravel,  in  which  rounded 
particles  of  lime-stone  abound.  These  are  distinguished  by  the  names  of 
lime-stone  sand  and  gravel,  and  are  derived  from  the  decay  or  wearing 
down  of  the  lime-stone  and  other  rocks  by  the  action  of  water.  Such 
accumulations  are  frequent  in  Ireland.  They  are  indeed  extensively 
difiused  over  the  surface  of  that  island,  as  we  might  expect  in  a  country 
abounding  so  much  in  rocks  of  mountain  lime-stone.  In  the  neighbour- 
hood of  peat  bogs  these  sands  and  gravels  are  a  real  blessing.  They 
are  a  ready,  most  useful,  and  largely  employed  means  of  improvement, 
producing,  njwn  arable  land,  the  ordinary  effects  of  liming,  and,  when 
spread  upon  boggy  soils,  alone  enabling  it  to  grow  sweet  herbage  and  to 
afibrd  a  nourishing  pasture.  The  proportion  of  carbonate  of  lime  these 
sands  and  gravels  contain  is  very  variable.  I  have  examined  two  va- 
rieties from  Kilfinane,  in  the  county  of  Cork  (?).  The  one,  a  yellow 
sand,  contained  26  per  cent,  of  carbonate  of  lime— the  residue,  being  a 
fine  red  sand,  chiefly  siliceous ;  the  other,  a  fine  gravel  of  a  grey  colour, 
contained  40  per  cent,  of  carbonate  of  lime  in  the  form  chiefly  of  rounded 
fragments  of  blue  lime-stone,  the  residue  consisting  of  fragments  of 
sami-stone,  of  quartz,  and  of  granite. 

The  application  of  such  mixtures  mast  not  only  improve  the  physical 
characters  of  the  soil,  but  the  presence  of  the  fragments  of  granite, 

*    AmudeB  de  Chim.  et  d»  PhyB..  third  teriet.  Hi.,  p.  103. 
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containing  undecompoeed  felspar  and  mica  (Lee.  XII^  i  I),  must  coq- 
tribute  materially  to  aid  the  fertilizing  action  of  the  lime-atone  with 
which  they  are  mixed. 

5^.  Crushed  Ltm«-<^<mc.-*The  good  effects  of  calcareoua  marls  and 
of  lime-stone  gravels  naturally  suggest  the  crushing  of  llme-^tones  as  a 
means  of  obtaining  carbonate  of  lime  in  so  minute  a  state  of  division 
that  it  may  be  nsenilly  applied  to  the  soil.  Lord  Karnes  was,  I  believe, 
the  first  who  in  this  country  endeavoured  to  bring  this  suggestion  into 
practical  operation.  He  is  said  to  have  caused  machinery  to  be  erected 
for  the  purpose  in  one  of  the  remotest  districts  of  Scotland,  but  from 
some  cause  the  plan  seems  never  to  have  obtained  a  proper  trial. 

One  of  the  results  which,  as  we  have  already  seen,  follows  from  the 
burning  of  rich  lime  is  this,  that  it  naturally  falls  to  a  very  fine  powder 
as  it  slakes.  Where  coal  or  other  combustible  is  cheap,  therefore,  it 
may  possibly  be  reduced  to  a  fine  powder  by  burning,  at  a  less  cost  than 
it  could  be  crushed. 

Yet  there  are  two  cases  or  oonditione  in  which  crushing  might  be  re- 
sorted  to  with  equal  advantage  and  economy. 

Fir$t^  where  coal  is  dear  or  remote,  while  lime-stones  and  water  power 
are  abundant.  There  are  many  inland  districts  in  each  of  the  three 
kingdoms  where  these  conditions  exist,  and  in  which,  therefore,  the 
erection  of  cheap  machinery  might  aflfbrd  the  means  of  greatly  fertilis- 
ing the  land ;  and 

5ecDfu/.— There  are  in  many  localities  rocks  rich  in  calcareous  matt^, 
which  are  nevertheless  so  impure,  or  contain  so  much  other  earthy  mat- 
ter, that  they  cannot  be  burned  into  Kme.  Yet,  if  crushed,  these  same 
masses  of  rock  would  form  a  valuable  dressing  for  the  land.  Many 
lime-stones  of  this  impure  character,  which  are  really  useless  for  build- 
ing purposes  which  do  not  fall  to  powder  when  burned,  and  which 
have,  therefore,  been  hitherto  neglected  as  useless—might,  by  omehing, 
be  made  extensively  available  for  agricuhural  purposes.  The  siliceous 
lime-stones  (corn-stones)  of  the  old  red  sand-stone,  the  earthy  beds  of 
the  mountain  lime-stone,  and  many  of  the  calcareous  strata  of  the  Silu- 
rian system  might  thus  be  made  to  improve  more  extensively  the  lo- 
calities in  which  they  are  severally  met  with.  The  richer  limea  now 
brought  from  a  creat  distance,  and  at  much  expense— -as  on  xhp  Scottish 
border»-*might  be  in  a  great  measure  superseded  by  the  nativ^  produce 
of  the  district. 

§  6.  Ejfedi  of  mari  and  ff  iht  efftoL,  shdl^  and  Ume-itone  spuU,  igmi 

UiewiL 

The  ^bds  which  result  from  the  applicatioD  of  the  abcpre  natuial 
forms  of  carbonate  of  lime  are  of  two  kinds. 

1^.  Thf^t  phffdcal  effect  in  altering  the  oataral  texture  of  the  soils  to 
ivfiich  they  are  added.  This  effect  wUl  necessarily  vary  with  tbemitare 
of  the  earthy  matter  associated  with  the  linae.  Thus  th^  clay  marls 
vnW  improve,  by  stiffening,  such  soils  as  are  light  and  sandy— 4he 
shell  sands  and  lime-stone-graveis,  by  opening  and  renderii^g  more  free 
and  easier  worked  such  soils  as  are  stiff,  intractable,  and  tnore  or  less 
impervious-^ while  either  will  impart  solidity  and  substance  to  snch  as 
are  of  a  peaty  nature  or  over-bound  with  other  forms  of  vegetable  matter* 
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2^.  Their  chemical  effect  in  actually  rendering  the  soil  productive  of 
larger  crops.  This  eflfect  is  altogether  independent  of  any  altera uod  in 
the  physical  properties  of  the  soiC  and  is  nearly  tlie  same  m  Idndj  what- 
ever be  the  variety  of  marl,  &c.,  we  apply.  It  difiers  in  degree,  chiefly 
according  to  the  proportion  of  calcareous  matter  which  each  variety 
contains.  This  action  of  the  pore  carbonate  of  lime  they  contain  is 
supposed  to  be  modified  in  some  cases  by  the  proportion  of  phosphate  of 
lime,  &c.  (p.  370)  with  which  it  may  be  mixed — it  is  certainly  modified 
by  the  animal  and  saline  matters  wnich  are  present  in  the  recent  corals 
and  shell  sands. 

The  several  effects  of  marls  and  calcareous  sands  being  dependenl 
upon  circumstances  so  different,  it  is  not  surprising  that  the  opinions  of 
practical  men  should,  in  former  times,  have  been  divided  in  regard  to  the 
action  of  this  or  that  marl  upon  their  respective  soils.  In  no  two  localities 
was  the  substance  applied  to  the  land  exactly  alike,  and  hence  unlike  re- 
sults must  necessarily  have  followed,  and  disappointment  been  occasion- 
ally experienced  from  their  use.  And  yet  the  importance  of  rightly  under- 
standing the  kind  and  degree  of  effect  which  these  manuring  substances 
ought  to  produce  may  be  estimated  from  the  fact,  that  a  larger  surface  of 
the  cropped  land  in  Europe  is  improved  by  the  assistance  of  calcareous 
marls  and  sands— than  by  the  aid  of  burned  lime  and  of  farm-yard  ma- 
nure put  together. 

It  is  not  easy  in  any  case  to  estimate  with  precision  what*  portion  of 
the  effect  caused  by  a  given  marl  is  due  to  its  chemical  and  what  to  its 
physical  action.    £ven  the  pure  limes,  when  applied  in  large  doses, 

groduce  a  cha[i|ge  in  the  texture  of  the  soil,  which  on  stiff*  lands  is  bene- 
cial,  and  on  light  or  sandy  fields  often  injurious.  In  all  cases,  there- 
fore, the  action  of  lime  applied  in  any  form  may  be  considered  as  partly 
physical  and  partly  chemical — the  extent  of  the  chemical  action  in 
general  increasing  with  the  proportion  of  lime  which  the  kind  of  cal- 
careous matter  employed  is  known  to  contain. 

The  observed  effects  of  marls  and  shell  sands,  in  so  far  as  they  are 
chemical,  are  vei^  analogous  to  those  produced  by  lime  as  it  is  generally 
applied  in  the  quick  or  slaked  state  in  so  many  parts  of  our  islands. 

They  alter  the  nature  and  quality  of  the  grasses  when  applied  to 
pasture— they  cover  even  the  undrained  bog  with  a  short  rich  grass— 
they  extirpate  heath,  and  bent,  and  useless  moss— they  exterminate 
the  weeds  which  infest  the  unlimed  corn  fields-^they  increase  the 
quantity  and  enable  the  land  to  grow  a  better  quality  of  corn — they  ma- 
nifest a  continued  action  for  many  years  affer  they  have  been  applied— 
like  the  purer  limes  they  act  more  energetically  if  aided  by  the  occa- 
sional addition  of  other  manure — and  like  them  they  finally  exhaust* 
a  soil  from  which  the  successive  crops  are  reaped,  without  the  requisite 
return  of  decaying  animal  or  vegetable  matter. 

But  10  these  and  other  effects  I  shall  have  occasion  to  draw  your 
attention  more  particularly  in  a  subsequent  part  of  the  present  lecture. 

§  7.  Of  the  use  of  chalk  as  a  manure. 
Chalk  is  another  form  of  carbonate  of  lime  which  occurs  very  abun- 

*  Of  Bbell  marl  the  nme  quantity  exhaiuts  aooner  than  olaymail  (Kamea).  This  is  owing 
ehieflj  to  tha  lazier  propoition  of  lime  contained  iu  the  fonner. 
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dantly  in  naturoi  and  which,  from  its  softness,  has  in  many  paitB  of 
Eni^land  been  extensively  applied  to  the  land  in  an  nnburned  stale. 

The  practice  of  chalking  prevails  more  or  less  extensively  in  all  that 
part  of  £ngland  (Lee.  XL,  $  8),  over  which  the  chalk  formation  ex- 
tends. It  is  usually  dug  up  from  pits  towards  the  close  of  the  autumn 
or  the  beginning  of  winter,  when  full  of  water,  and  laid  upon  the  land 
in  heaps.  During  the  winter's  frost  the  lumps  of  chalk  fall  to  pieces, 
and  are  readily  spread  over  the  fields  in  spring.  The  quantity  laid  on 
varies  with  the  quality  of  the  soil  and  of  the  chalk  itself,  and  with  the 
more  or  less  perfect  crumbling  it  undergoes  during  the  season  of  winter, 
and  with  the  purpose  it  is  intended  to  serve.  It  gives  tenacity  and 
closeness  to  gravelly  soils,*  opens  and  imparts  freeness  to  stiflT clays,  and 
adds  firmness  to  such  as  are  of  a  sandy  nature. 

If  a  physical  improvement  c^this  kmd  be  required,  it  is  laid  on  at  the 
rate  of  from  400  to  1000  bushels  an  acre.  But  some  chalks  contain 
much  more  clay  than  others,  and  are  employed,  therefore,  in  smaller 
proportions. 

For  the  improvement  of  coarse,  sour,  marshy  pasture,  it  is  applied  at 
the  rate  of  150  to  250  bushels  an  acre,  and  speedily  brings  up  a  sweet 
and  delicate  herbage.  It  is  also  said  to  root  out  sorrel  from  lands  that 
are  infested  with  this  plant. 

These  e,^ts  are  precisely  such  as  usually  follow  from  the  applica- 
tion of  marl,  and,  like  marl,  the  repetition  of  chalk  exhausts  the  land,  if 
manure  be  not  afterwards  added  to  it  in  sufficient  quantity. 

But  the  chalking  of  the  Southern  Downs  and  of  the  Wolds  of  Lin- 
colnshire and  Yorkshire  would  appear  to  differ  in  some  respects  from 
ordinary  marling.  On  the  thin  soils  immediately  resting  upon  the 
chalk,  experience  has  shown  that  repeated  dressings  of  chalk  re- 
cently dug  up,  ma^  be  applied  with  much  benefit.  To  a  Strang, 
also,  it  appears  singular  that  an  admixture  of  that  chalk  which 
lies  immediately  beneath  the  soil  is  not  productive  of  the  same  ad- 
vantage. Even  the  chalk  of  an  entire  district  is,  in  some  cases,  rejected 
by  the  farmer,  and  he  will  rather  bring  another  variety  from  a  consi- 
derable distance,  than  incur  the  less  expense  of  laying  on  his  land  that 
which  is  met  with  on  his  own  or  on  his  neighbours'  farms.  Thus  the 
Suffolk  farmers  prefer  the  chalk  of  Kent  to  lay  on  their  lands,  and  are  at 
the  cost  of  bringing  it  across  the  estuary  of  the  Thames,  though  chalk 
rocks  lie  almost  every  where  around  and  beneath  them. 

The  cause  of  the  diversities  which  thus  present  themselves  in  the 
practice  of  experienced  agriculturists  is,  partly  at  least,  to  be  sousht  for 
m  the  qualities  of  the  dmerent  varieties  of  chalk  employed.  Careful 
analyses  have  not  yet  shown  in  what  respects  these  chalks  differ  in  che- 
mical constitution,  and  until  this  is  ascertained  we  must  remain  in  some 
measure  in  the  dark,  both  as  to  the  way  in  which  a  dressing  of  chalk 
acts  in  improving  a  soil  already  rich  in  chalk,  and  why  chalk  from  one 
locality  should  act  so  much  more  beneficially  than  another. 

With  one  thing,  however,  we  are  famihar,  that  the  upper  beds  of 
chalk  abound  in  flint,  and  where  they  form  the  surface  support  a  thin 
and  scanty  herbage— while  the  under  chalks  are  more  tenacious  and 

*  Mr.  Gawler,  North  Hunpahfre,  ttatee  ttiat  a  gnTcI  thm  ttifltaed,  Inatead  of  12  to  16 
tosheU  of  wbeiu,  jielded  afterwwrda  at  to  30  boihek.— BritM  Stubandry,  L,  p.  280. 
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apparently  more  rich  in  clay,  and  support  generally  a  soil  which  yields 
valuable  crops  of  com.  An  admixture  of  the  lower,  therefore,  ought  to 
improve  the  soils  of  the  upper ;  and  as  the  chalks  of  Kent  consist  of 
these  lower  beds,  we  can  understand  why  the  practical  farmer  in  Suffolk 
should  prefer  them  to  the  upper  chalks  of  his  own  neighbourhood.  Still 
we  cannot,  as  yet,  sive  the  scientific  reasons  why  the  one  chalk  should 
be  better  than  the  oUier.  A  rigorous  chemical  analysis  can  alone  deter- 
mine with  certainty  why  the  one  should  produce  a  difierent  effect  from 
the  other. 

Chalks  may  differ  in  the  proportion  of  clay  or  of  organic  matter  with 
which  they  are  associated— in  the  quantity  of  silica  (the  substance  of 
flints)  or  of  silicates  they  contain,-— in  the  amount  of  magnesia  or  of 
phosphate  of  lime  which  can  be  detected  in  them— or  of  suine  matter 
which  a  careful  examination  will  discover, — and  they  may  even  differ 
physically  in  the  fineness  of  the  ultimatenarticles  of  which  the  substance 
of  the  chalk  is  composed.*  All  such  dinerences  may  modify  the  action 
of  the  several  varieties  in  such  a  way  as,  when  accurately  investigated, 
to  enable  us  to  account  for  the  remarkable  preference  manifested  by 
practical  men  for  the  one  over  the  other.  Until  such  an  investigation 
has  been  carefully  made,  it  is  unfair  hastily  to  class  among  local  preju- 
dices what  may  prove  to  be  the  results  of  long  practical  experience. 

On  the  chalk  Wolds  of  Lincolnshire  and  Yorkshire  the  practice  of 
chalking  even  the  thin  soils  is  now  comparatively  old  in  date.  The 
lowest  chalks  are  there  also  much  preferred, — they  are  laid  on  at  the  rate 
of  60  to  80  cubic  yards  per  acre,  and  they  causeaereat  improvement, 
especially  upon  the  deep  lands^  as  they  are  called,  where  the  soil  is 
deepest.  Com  does  not  yield  so  well,  nor  ripen  so  early,  on  these  deep 
a^ls,  as  where  a  thinner  covering  rests  upon  the  chalk.  It  is  naturally 
idao  unfit  for  barley  or  turnips,  the  latter  plant  being  especially  infested 
widi  the  disease  called  fingers  and  toesf  (Strickland).  But  a  heavy 
chalking  removes  all  the  above  defects  of  these  deep  soils,  and  for  a 
long  period  of  time.  The  corn  ripens  sooner,  is  larger  in  quantity,  and 
better  in  quality,  and  the  turnips  grow  perfectly  free  from  disease. 

These,  however,  are  to  be  regaraled  as  only  the  usual  eff*eots  of  a  large 
addition  of  lime  to  a  soil  in  which  previously  little  existed.  It  is  a  fact 
which  will  naturally  strike  you  as  remarkable,  that  soils  which  rest 
upon  chalk,  as  well  as  upon  other  lime-stone  rocks,  even  at  the  depth  of 
a  few  inches  only,  are  often,  and  especially  when  in  a  state  of  nature, 
so  destitute  of  lime  that  not  h  particle  can  be  detected  in  them.  That 
lime  in  any  form  should  benefit  such  soils  is  consistent  with  uniform 
experience.  I  shall  presently  have  an  opportunity  of  directing  your 
attention  to  the  two  concurring  causes  by  the  joint  operation  of  which 
lime  is  sooner  or  later  wholly  removed  from  the  soil,  even  where,  as  in 
the  Wolds,  it  rests  immediately  upon  the  chalk. 

§  8.  Is  lime  indiapensahle  to  the  fertility  of  the  toil  ? 
It  is  the  result  of  universal  experience  wherever  agriculture  has  been 

*  Bhrenbevv  hM  discovered  Uiai  chalk  !■  in  a  great  measure  composed  of  the  skeletoqs, 
shells,  or  other  ezuvial  (spoils)  of  marine  microscopic  anlmab. 


f  BritithButbandnfj  lii.,  p.  121. 


y  Google 


378  Lime  always  presert  in  fertile  soils. 

advanced  to  the  state  of  an  art,  that  the  presence  of  lime  is  osefol  to 
the  soil. 

Not  only  is  this  fact  deduced  from  the  result  of  innnmerahle  applica- 
tions of  this  substance  to  lands  of  every  quality,  but  it  is  established  also 
by  a  consideration  of  the  known  chemical  constitution  of  soils  which  axe 
naturally  possessed  of  unlike  degrees  of  fertility. 

Thus  sandy  or  siliceous  soils  are  more  or  less  barren  if  lime  be  ab- 
sent-awhile the  addition  of  this  substance  in  the  form  of  marl  or  other- 
wise renders  them  susceptible  of  cultivation.  So  clay  soils,  in  which 
no  lime  can  be  detected,  are  often  at  once  changed  in  character  by  a 
sufficient  liming.  Felspar  soils  contain  no  lime,  and  they  are  barren — 
and  the  same  is  true  of  such  as  are  derived  immediately  from  the  de- 
gradation of  the  serpentine  rocks. 

Trap  soils,  on  the  other  hand — such  as  are  derived  from  decayed 
basalts  or  ereen-stones— are  poor  in  proportion  as  felspar  abounds  in 
them.  Where  augites  and  zeolites  are  present  in  large  proportion  in 
the  trap  from  which  they  are  formed,  the  soils  are  rich,  and  may  even 
be  usea  as  marl.  The  only  difference  in  this  latter  case  is,  that  lime  is 
not  deficient  (Lee.  XII.,  §  4),-— and  to  this  difierence  the  greater  fertility 
may  fairly  be  ascribed. 

But  let  it  be  conceded  that  lime  is  useful  to  or  benefits  the  soil  in 
which  it  exists,  you  may  still  ask — ^is  lime  indispensable  to  the  soil  ?— 
is  it  impossible  for  even  an  average  fertility  to  be  manifested  where 
lime  is  entirely  absent? 

There  are  two  different  considerations,  from  each  of  which  we  may 
deduce  a  more  or  less  satisfactory  answer  to  this  question. 

1°.  The  results  of  all  the  analyses  hitherto  made  of  soils  naturally 
fertile  show  that  lime  is  universally  present.  The  per-centage  of  lime 
in  n  soil  may  be  very  small,  yet  it  can  always  be  detected  when  valua- 
ble and  healthy  crops  will  grow  upon  it.    Thus  the  fertile  soil  of  the 

Marsh  lands  in  Holstein  contains  0*2  per  cent,  of  caibonate  of  lime. 

Salt  Marsh  in  East  Friesland       0*6  •*  '' 

Rich  pasture  near  Durham     .     1*31  **  ^^ 

But  though  the  per  centage  of  lime  in  these  cases  appears  small,  the 
absolute  quantity  of  lime  present  in  the  land  is  still  large.  Thus  sup- 
pose the  first  of  these  soils,  which  contains  the  least,  lo  be  only  six 
inches  in  depth,  and  each  cubic  foot  to  weigh  only  80  lbs.— 'it  would 
contain  about  3500  lbs.  of  carbonate  of  lime,  upwards  of  a  ton  and  a 
hnlf,  in  every  acre.  And  this  lime  would  be  intimately  mixed  with  the 
whole  soil,  io  which  state  it  is  always  most  effective  in  its  operation.  It 
may  also  be  inferred  with  safety  that  if  the  upper  six  inches  contained 
this  proportion  of  lime,  the  uncfer  soil  would  probably  be  richer  still, 
since  lime  tends  not  so  much  to  diffuse  itself  through,  as  to  sink  down- 
wards into  the  soil. 

2°.  The  results  of  all  the  chemical  examinations  hitherto  made  in 
regard  to  the  nature  of  the  inorganic  matter  contained  in  the  sap  and 
substance  of  plants  indicate,— if  not  the  absolute  necessity  of  lime  to  the 
growili  of  plants, — at  least  that  in  nature  all  cultivated  plants  do  ab- 
sorb it  by  their  roots  from  the  soil,  and  make  use  of  it  in  some  way  in 
aid  of  iheir  growth.  In  so  far  as  our  practice  is  concemed,  this  is  very 
much  the  same  as  if  we  could  prove  lime  to  be  absolutely  indispensable. 
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The  ash  of  the  leaf  and  bulb  of  the  turnip  or  potatoe,  of  the  grain 
and  straw  of  our  corn-bearing  plants,  and  of  the  stems  and  seeds  of  our 
grasses,  all  contain  lime  whenever  and  wherever  they  are  grown.  And 
most  of  them  attain  high  health  and  luxuriance  only  where  lime  is 
easily  attained. 

Grant,  then,  that  lime  appears  to  be,  perhaps  virtually  is,  a  necessary 
fix)dof  plants,  without  which  their  natural  heahh  cannot  be  maintained, 
nor  functions  discharged,— still  the  quantity  which  must  be  present  in 
the  soil  to  sopply  this  food  is  not  necessarily  large.  £ven  in  favour- 
able circumstances  we  have  seen  (Lee.  X.,  $  3)  that  the  averase  crops 
during  an  entire  rotation  of  four  years  may  not  carry  off  more  than  250 
lbs.  of  lime  from  the  acre  of  land,  a  qoantity  which  even  the  marsh 
soils  of  Hobtein  would  be  able  to  supply  for  half  a  century,  could  the 
roots  readily  make  their  way  into  every  part  of  the  soil. 

Still  we  may  safely  hold,  1  think,  that  this  quantity  of  lime  at  least 
is  tiu2u|p6n#aMe— if  cultivated  plants  are  to  flourish  and  ripen.  So 
mach,  at  UtuU  must  in  practice  be  every  year  added  to  cultivated  land 
in  one  form  or  another,  where  the  orops  are  in  whole  or  in  part  carried 
oflf  the  land.  Where  it  is  not  added  either  artificially  or  by  some  natu- 
ral 'process,  infertility  must  gradually  ensue.  We  shall  presently  see 
that  lime  has  other  functions  to  perform  in  the  soil,  and  that  there  are 
natural  causes  in  constant  operation  in  our  climate  which  render  a 
larger  addition  than  this  desirable  at  least,  if  not  indispensable  to  coa<- 
tinued  fertility. 

§  9.  StaU  of  combination  in  which  lime  exists  in  (ke  soil. 

This  lime,  which  we  have  concluded  to  be  an  indispensable  constitu* 
ent  of  fertile  soils,  may  be  present  in  several  distinct  states  of  combina- 
tion. 

1^.  In  that  of  chloride  of  calcium. — This  compound,  as  we  have  al- 
ready seen  (Lee.  IX.,  §  4),  is  very  soluble  in  water,  and  is  not  unfre- 
qaently  to  be  detected  in  the  sap,  especially  of  the  roots  of  plants.  Its 
solubility,  however,  exposes  it  to  be  readily  washed  out  of  the  soil  by 
the  rains,  and  perhaps  for  this  reason  it  is  not  one  of  those  forms  of  com- 
bination in  which  lime  is  recognised  as  a  uniform  or  necessary  consti- 
tuent of  the  soil.  Its  presence  may  be  detected  by  boiling  half  a  pound 
of  the  soil  in  distilled  water,  filtering  and  evaporating  the  solution  to 
dryness.  If  the  dry  mass  become  moist  on  exposure  to  the  air,  and  if, 
after  bein^  dissolved  in  water,  it  give  a  white  precipitate  with  oxalate 
of  ammonia,  and  after  being  rendered  sdur  by  a  few  drops  of  nitric  acid, 
a  white  precipitate  afain  with  nitrate  of  silver,  it  may  be  inferred  to 
contain  chloride  of  calcium. 

2?.  In  that  of  sulphate  of  Ume  or  gypsum.'-^ln  this  state  also  it  is  not 
a  constant,  and  in  a  few  cases  only  an  abundant,  constituent  of  the  soil. 
Its  presence  may  be  detected  by  the  deposition  of  minute  crystals  on  the 
sides  of  the  vessel  during  the  evaporation  of  the  solution  obtained  by 
boiling  the  soil  in  distilled  water.  Or,  its  presence  may  be  inferred  if, 
after  observing  that  oxalate  of  ammonia  causes  a  precipitate  in  one 
small  portion  of  the  solution,  it  be  found  that  nitrate  of  baryta  also 
throws  down  a  white  precipitate  from  another  small  portion, 

31}*  uigmzeu  oy  x_.vy^/^i^ 
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3**.  In  Ike  state  of  phcspfuUe. — This  compound  is  probably  present, 
though  always  in  small  proportion,  in  every  soil  which  is  capable  of 
raising  a  nutritious  vegetation.  It  may  be  readily  detected  by  tzeating 
500  grains  of  the  dry  soil  for  12  hours  with  dilute  muriatic  acid,  and  oc- 
casionally stirring.  If  to  the  filtered  solutionjcauetic  ammonia  be  add- 
ed, a  brownish  precipitate  will  usually  fall.  If  this  precipitate  be  se- 
parated, and  treated  with  acetic  acid  (vinegar),  it  will  all  dissolve  if  no 
phosphoric  acid  be  present.  If  this  experiment  he  carefully  performed, 
and  a  residue  remain  undissolved,  the  j^sence  of  phosphoric  acid  in 
the  solution,  and  of  phosphate  of  Ume  in  tho  soil,  may  be  safely  in- 
ferred. 

4^.  In  the  state  of  silicate^  lime  rarely  exists  in  the  soil  in  any  con- 
siderable quantity.  It  is  chiefly  in  such  as  are  derived  from  the  decay 
of  the  trap  rocks  or  of  some  varieties  of  granite  (Sienite),  that  silicate  ii 
lime  is  to  be  expected  to  occur. 

If,  after  being  treated  with  dilute  sulphuric  acid,  as  above  described, 
the  soil  be  digested  fof  some  hours  at  a  eentle  heat  with  concentrated 
muriatic  acid«-a  solution  will  be  obtainea  from  which  ammonia  will 
again  throw  down  a  brown  precipitate.  If  oxalate  of  ammonia  now 
cause  a  white  precipitate  of  oxalate  of  lime,  and  if,  on  evaporating  to 
dryness,  the  solution  leave  a  portion  of  silica  insoluble  in  acids,  we  may 
infer  that  the  soil  most  probably  contains  some  lime  in  the  state  of  sih- 
cate. 

5°.  In  the  state  of  carhonale^  lime  is  generally  supposed  most  usually 
to  exist,  and  most  abundantly  in  all  soils.  If  on  pouring  dilute  muri- 
atic acid  upon  a  soil,  a  visible  eflervescence  or  escape  of  minute  bubbles 
of  gas  manifest  itself,  or  if,  when  the  experiment  is  made  in  a  tube 
closed  at  one  end,  and  inverted  over  water  or  mercury,  bubbles  of  gas 
oolieot  in  the  upper  end  of  the  tub^— the  soil  contains  some  carbonate. 
If  aAer  ammonia  has  been  added  to  the  solution,  oxalate  of  ammonia 
throws  down  a  white  precipitate  of  oxalate  of  lime— >the  soil  contains 
carbonate  of  lime, 

6^.  In  the  state  of  Climate.— >In  combination  with  humic  acid  (Lee. 
XIII.,  §  I,)  lime  exists  most  frequently  in  soils  which  abound  in  vegetable 
matter — ^in  peaty  soils,  for  example,  to  which  quick-lime  or  marl  of  any 
kind  have  been  added  for  the  purpose  of  agricultural  improvement. 
The  presence  of  lime  in  the  state  of  humate  is  only  to  be  detected  by 
carefully  determining  the  relative  weights  of  the  carbonic  acid  given  on* 
durinff  the  action  of  dilute  muriatic  acid  upon  the  soil,  and  of  the  lime 
contained  in  the  solution  thus  obtained.*  If  for  every  100  grains  of 
carbonic  acid  there  be  more  than  77*84  grains  of  lime,  the  remainder  or 
•xeess  has  existed  in  the  soil  in  combination  with  humic  or  some  analo- 
gous organic  acid.f 

Few  mvestigations  have  as  yet  been  made  in  regard  to  the  proportion 
of  litae  which  exists  in  the  soil  in  the  state  of  humate.  It  has  generally 
been  taken  for  granted^-either  that  a  soil  was  destitute  of  lime  Sf  it  exbi- 

*  flMAlUMKltZ. 

t  To  raeh  aiuUofoua  aelda  Moni  (he  cr&nic  und  oywygnlc  acidt  (Lee.  XIII.,  %  1.).  The 
exiaienca  of  Uieee  acida  in  the  soilTs  hy  no  meaim  j^  r Jblemaclcal.  According  u>  Profeaaor 
Hennann,  of  Moacow,  ihey  exial  in  ttie  rich  black  aoil  (Tchornoi  Zcm.)  of  LltUe  Ruaaia,  to 
U»«  amount  of  4  per  ceou 
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bited  DO  sensible  efTervescence  wiih  dilate  moriade  acid,— or  wbeo  far- 
ther research  was  made,  and  theaaanti^  of  lime  taken  ap  by  this  acid 
ngamoniy  determined,  thai  the  wnole  of  this  lime  most  have  existed  in 
the  soil  in  the  state  of  carbonate.  That  this  is  not  necessarily  the  case, 
however,  appears  to  be  proved  by  some  recent  examinations  of  certain 
aoik  in  Normandy,  which  contain  as  mncfa  as  14  to  15  per  cent,  of  lime, 
and  yet  exhibit  no  effervescence,  and  contain  no  carbonate.  The  whole 
of  the  lime  is  said  to  be  in  the  state  of  hamate. 

M.  Dubuc,  who  has  published  the  analyses  of  these  soils,  attribatee 
moch  ofvtheir  fertility  to  the  presence  of  the  hwnate  of  lime.  Thus  he 
aays  that  the  soils  of 

Containtag  p6r  cwt. 
OrCdrbonate.      Of  Rumate.  TIelda  of  Wheat. 

Lieuvin,  Neubonrg,  and  Sistot,   0  18  to  20  12  to  15  fold. 

Pavilli 0  5  8  to  10    " 

Bieville 24  0  8  to  10    •• 

ClayofOuche 0  1  4  to   6    •* 

The  first  two  yielding  a  wheat  crop  every  second  year,  the  third  only  at 
longer  intervals. 

Whatever  degree  of  influence  on  the  fertility  of  the  soil  it  may  ap- 
pear proper  to  attribute  to  the  existence  of  lime  in  the  soil  in  the  state 
of  humate,  it  is  manifestly  of  some  importance  that  its  presence  in  this 
state  of  combination  should  be  more  frequently  and  more  carefully 
souffht  after. 

T%eonly  one  of  the  above  compounds  which  is  tutiaUy  added  to  the 
land,  for  the  purpose  of  producing  the  ordinary  effects  of  lime,  is  the 
carbonate.  Gypsum  is  applied  only  in  small  quantity  for  certain  spe- 
cial purposes,  and  does  not  always  produce  a  sensible  effect.  It  is  inca- 
pable, tnerefore,  of  performing  those  purposes  in  the  soil  which  are 
served  either  by  quick-lime  or  by  the  carbonate.  The  humate  of  lime 
is  probably  formed  in  our  limeeamjfosts,  especially  when  much  vegetable 
matter  is  contained  in  them,  and  may  thus  be  not  unfrequently  applied 
directly  to  the  land. 

§  10.  Of  the  qttanUty  of  lime  which  ought  to  he  added  to  the  soil. 

The  quantity  of  lime  which  ought  to  be  added  to  the  soil  is  dependent 
upon  so  many  circumstances,  that  it  is  impossible  to  state  any  general 
rule  by  which,  in  all  cases,  the  practical  man  can  safely  regulate  his 
proceaure. 

1^.  To  soils  which  contain  no  lime,  or  to  which  it  is  added  for  the  first 
tioie,  a  larger  dose  must  be  given. 

.  We  have  seen  that  a  certain  minimum  portion  of  lime  is  indispensable 
to  a  productive  soil.  If  we  suppose  this  smallest  quantity  to  be  no 
lO'eater  than  in  the  suiiace  of  the  marsh  lands  of  Hoktein  (p.  378),-^ 
then  with  a  soil  six  inches  in  depth-— which  contains  no  limt,  we  ought  to 
mix  a  ton  and  a  half,  say  40  bushels  of  slaked  lime,  and  by  successive 
yearly  additions  to  supply  the  annual  waste. 

But  to  mix  this  feeble  dose  of  lime  intimately  with  the  sc»l  to  a  depth 
of  six  inches  would  obviously  require  an  expenditure  of  labour  which 
the  practical  farmer  could  rarely  afibrd.  It  would  be  greater  economy, 
therefore,  in  most  cases  to  add  a  dose  several  times  larger,  and  this  ooi 
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only  because  ibe  same  amoant  of  labour  iveuld  diffuse  it  more  geuenlly 
through  the  whole  soil,  but  because  this  larger  liming  would  reuder  less 
necessary  the  immediate  addition  of  new  supplies  to  repair  the  una- 
voidable waste. 

But  there  is  reason  to  believe  thai  the  proportion  of  lime  which  the  soil 
ought  to  contain,  if  it  is  to  be  successfully  subjected  to  arable  culture, 
ought  to  be  much  larger  than  is  above  assumed  as  the  smallest  or  mini- 
mum quantity.  If  we  suppose  one  per  cent,  to  be  necessary,  then 
eight  tons  of  Imie-shells,  or  upwards  of  300  bushels  of  slaked  lime,  must 
be  mixed  with  a  soil  six  inches  in  depth,  to  impart  to  it  this  proportion— 
or  half  the  quantity  if  it  be  kept  within  three  inches  of  the  surface. 
£ven  a  very  large  dose  of  lime,  therefore,  does  not,  if  it  be  well  mixed, 
materially  alter  the  constitution  of  the  soil. 

2^.  But  experience  has  proved  that  the  quantity  of  lime  which  a 
skilful  farmer  will  add  to  his  land  will  vary  witn  many  odier  circumstan- 
ces besides  the  depth  of  his  soil,  and  the  proportion  of  lime  it  already 
contains.    Thus— 

a.  On  clay  lands  more  lime  is  necessary  than  on  light  and  sandy  soils. 
This  may  be  partly  ascribed  to  the  phvsical  effect  of  the  lime  in  opening 
and  loosening  the  stiff*  clay — ^but  mdependent  of  this  action  the  parti- 
cles of  lime  are  liable  to  be  coated  over  and  enveloped  by  the  fine  clay, 
and  thus  shut  out  from  the  access  of  the  air.  These  particles,  therefore, 
must  be  more  numerous  in  such  a  soil  if  as  many  of  them  are  to  be  ex- 
posed to  the  air  as  in  lighter  land,  through  which  the  atmospheric  air 
continually  permeates. 

6.  On  wet  and  marshy  soils,  a  larger  application  still  may  be  made 
with  safety,  and  partly  for  the  same  reason. 

The  moisture  surrounding  the  lime  shuts  out  the  air,  without  the 
ready  access  of  which  lime  cannot  perform  its  important  functions. 
.  The  same  moisture  tends  to  carry  down  the  lime  and  lodge  it  more 
speedily  in  the  subsoil.  The  continued  evaporation  also  keeps  such  soils 
too  cold  (Lee.  II.,  §  7),  to  allow  the  chemical  chances,  which  lime  in 
favourable  circumstanees  produces,  to  proceed  with  the  requisite  degree 
of  rapidity.  The  soluble  compounds  which  are  formed  as  the  conse- 
quence of  these  changes  are,  in  wet  and  marshy  soils,  dissolved  by  the 
moisture,  and  so  diluted  as  to  enter  in  smaller  quantity  into  the  roots  of 
plants.  And  lastly,  in  certain  cases,  new  compounds  of  the  lime  with 
the  earthy  and  stony  matters  of  the  soil  are  formed,  which  may  either 
harden  into  visible  lumps  of  mortar  and  cement,  or  into  smaller  particles 
of  indurated  matter,  in  which  the  lime  is  no  longer  in  such  a  state  as  to 
be  able  to  act  in  an  equal  degree  as  an  improver  of  the  soil. 

In  cold  and  wet  clays,  in  which  all  these  evil  oonditions  occasionally 
meet,  it  is  not  surprising,  therefore,  that  large  doses  of  lime  should  some- 
times have  been  added  without  producing  any  sensible  benefit  whatever.* 

c.  Again,  when  the  soil  is  also  rich  in  vegetable  matter,  lime  may  be 
still  more  abundantly  applied.  Thus,  when  a  £eld  is  at  once  wet  or 
marshy,  and  full  of  vegetable  matter,  as  our  peat  bogs  are,  lime  may  be 
laid  on  more  unsparingly  than  under  any  other  circumstances.     For  in 

*  **  An  IntraiiM  la  mentioned  in  the  Nottingham  Report  of  720  buehels  having  been  laid 
on  an  aere  of  elod  clay  land  wiUiom  any  benefit  wbatoyer."— AWtiM  Hu$bamky^  L,  p.  298. 
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this  case,  besides  the  action  of  the  access  of  water,  as  above  explained, 
the  vegetable  matter  combines  with  and  masks  the  ordinary  action  of  a 
considerable  quantity  of  the  lime.  By  this  combination,  no  pan  of  the 
ultimate  influence  of  the  whole  lime  upon  the  soil  is  necessarily  lost ; 
in  most  cases  the  ifnmediate  efiect  only  is  lessened,  which  the  same 
qaantity  applied  to  other  soils  would  have  been  seen  to  produce.  In 
ravoorable  circumstances  iis  action  is  retarded  and  prolonged,  the  com- 
pounds it  forms  with  veeetable  matter  decomposing  slowly,  and,  there* 
fore,  remaining  long  in  the  -soil. 

To  the  exact  chemical  constitution  of  the  compounds  thus  formed, 
as  soon  as  lime  is  mixed  up  with  a  soil  rich  in  vegetable  matter,  and  to 
the  chemical  changes  which  these  compounds  gradually  nndereo,  it  will 
be  necessary  to  direct  our  attention  when  we  come  to  study  the  theory 
of  the  action  of  lime,  as  an  improver  of  the  soil. 

d.  Not  only  the  natural  depUi  of  the  soil,  as  already  stated,  but  also 
the  depth  to  which  it  is  usually  ploughed,  and  to  which  it  is  customary 
to  bury  the  lime,  will  materially  afiect  the  quantity  which  can  be  safely 
applied.  A  dose  of  lime  which  would  materially  injure  a  soil  into 
which  the  plough  rarely  descends  beyond  two  or  three  inches,  might  be 
too  small  an  application  where  six  or  eight  inches  are  usually  turned 
over  by  the  plough.  When  new  scnl,  also,  is  to  be  brought  up,  which 
may  be  sup(X)eed  to  contain  no  lime,  or  in  which  noxious  substances  are 
present,  a  neavier  dose  of  lime  must  necessarily  be  laid  upon  the  land. 
3^.  Such  are  the  circumstances  in  which  large  applications  of  lime 
may  be  usefully  applied  to  the  land.  In  soils  of  an  opposite  character 
DOC  only  will  snudler  quantities  of  lime  produce  an  equally  beneficial 
eflfect,  but  serious  injury  would  often  be  inflicted  by  spreading  it  too 
lavishly  npon  your  fielcis. 

The  more  di^  and  shallow  the  soil,  the  more  light  and  sandy,  the 
less  abundant  m  vegetable  matter,  the  more  naturally  mild  its  locality, 
and  the  drier  and  warmer  the  climate  in  which  it  is  situated — the  less 
the  quantity  of  lime  which  the  prudent  fanner  will  venture  to  mix  with 
it.  It  is  to  the  neglect  of  these  natural  indications  that  the  exhaustion 
and  barrenness  that  have  occasionally  followed  the  application  of  lime 
are  to  be  ascribed.  It  is  only  in  rare  cases,  such  as  the  presence  of 
moch  noxious  mineral  matter  in  the  soil,  that  these  indications  can  be 
safely  neglected. 

§  !!•  Ought  Ume  to  be  applied  in  large  doses  at  distant  intervals f  or  in 
smaller  quantities  more  frequently  repeated? 

The  quantity  of  lime  which  ought  to  be  applied  to  the  land  must,  as 
we  have  seen,  vary  with  its  quality,  and  with  the  conditions  in  which  it 
is  placed.  Hence  the  practice  in  this  respect  necessarily  varies  in  every 
country  and  in  almost  every  district. 

But  a  difference  of  opinion  also  prevails  among  practical  men,  as  to 
whether  that  quantity  of  lime  which  land  of  a  given  kind  may  require 
ought  to  be  applied  in,large  doses  at  longintervtus,  or  in  small  quantities 
frequently  repeated.  The  indications  of  theory  in  reference  to  this  point 
are  clear  and  simple. 

A  certain  proportion  of  lime  is  indispensable  in  our  climate  to  the 
production  of  the  greatest  possible  fenility.     Let  us  suppose  a  soil  to  be 
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wholly  destitute  of  lime-^he  first  step  of  the  improyer  would  be  to  add 
to  this  indispensable  proportion.  This  would  necessarily  be  a  large 
Quantity,  and,  therefore,  to  land  limed  for  the  first  time  theory  indicates 
thepropriety  of  adding  a  large  dose. 

Every  year,  however,  a  certain  variable  proportion  of  the  lime  is  re- 
moved from  the  soil  by  natural  causes.  The  effect  of  this  removal  in  a 
few  years  becomes  sensibly  apparent  in  the  diminished  productiveness 
of  the  land.  After  the  lapse  of  five  or  six  years,  during  which  it  has 
been  gradually  mixing  with  the  soil,  the  beneficial  effects  of  the  lime 
is  generally  the  most  striking-rafter  this  they  gradually  lessen,  till  at  the 
end  of  a  longer  or  shorter  period,  the  land  reverts  to  its  original  condition. 
7b  keep  Iom  in  its  best  possible  stale,  therefore^  the  natural  toaste  aught 
from  Hme  to  time  to  be  supplied  by  the  addition  of  smaller  doses  of  lime 
at  shorter  intervals. 

Such  is  obviously  the  most  natural  course  of  procedure,  and  he  who 
farms  his  own  estate,  and  has  therefore  no  strong  inducement  to  do 
otherwise,  will,  on  the  first  breaking  up  of  new  land,  give  it  a  heavy 
liming,  and  whether  he  afterwards  retain  it  in  arable  culture  or  lay  it 
down  to  grass,  wiH  at  intervals  of  4  to  6  years  give  it  a  new  dose  of  one- 
fourth  to  one-eighth  of  the  original  quantity.  But  local  circumstances 
and  customs  interfere  in  many  well -far  nied  districts  with  this  most  na- 
tural treatment  of  the  soil.  In  the  county  of  Roxburgh,  for  example, 
on  entering  upon  his  farm,  which  holds  on  a  lease  of  19  or  21  years,  the 
tenant  begins  by  liming  that  portion  of  his  land  which  is  in  fallow,  or 
in  preparation  for  turnips,  at  the  rate  of  240  to  300  bushels  of  quick-lime 
per  acre.  A  similar  liming  is  given  to  the  other  portions  as  they  come 
mto  fallow,  so  that  at  the  end  of  his  first  rotation  (4  or  5  years)  the  whole 
of  his  land  has  been  limed  at  the  same  rate,  lie  now  continues  crop- 
ping for  three  or  four  rotations  (14  to  16  years),  when  if  he  is  sure  of  re- 
maining on  his  farm  he  begins  to  Ume  again  with  the  same  quantity  as 
before.  If  be  is  to  quit,  however^  he  takes  the  best  crops  he  can  set, 
but  incurs  no  further  outlay  in  the  additbn  of  lime.  His  successor  fol- 
lows the  same  course— begins  by  expending  perhaps  dClOOO  in  lime,  and 
before  he  leaves  at  the  end  of  his  lease,  has,  by  continued  cropping, 
brought  back  his  land  nearly  to  the  same  state  in  which  he  found  iu 

In  the  district  of  Kyle  and  other  parts  of  Ayrshire,  again,  lime  is  laid 
on — often  when  preparing  for  the  wneat  crop,  either  by  ploughing  in  the 
second  furrow,  or  by  harrowing  in  with  the  seed— at  the  rate  of  40  bushels 
of  shells  an  acre,  and  this  dose  is  of  course  repeated  every  4  or  6  veara, 
according  to  the  length  of  the  rotation.  If  we  consider  the  probable  dif- 
ference in  the  soil  and  climate,  the  proportion  of  lime  added  in  the  two 
districts  does  not  materially  differ.  In  Ayrshire  from  8  to  10  bushels,  and 
in  Roxburgh  from  10  to  12  bushels,  are  added  for  each  year.*  In  both 
counties,  however,  many  farms  may  beinet  with  in  which  the  treatment 
of  the  land  in  this  respect  differs  from  that  which  is  generally  followed. 

In  Flanders  a  similar  difference  in  the  practice  prevails  in  different 
districts.    In  some  the  land  is  limed  only  once  in  12  years,  in  others  every 

*  Aceording  to  General  BeatsoD  (Ne»  Sjftiem  qf  CWliva/^  1820),  apwards  100  bosbelt 
an  acre,  at  a  coat  of^.  16«.,  used  to  b«  applied  to  the  clay  lands  of  Suaaex-^n  the  fallow, 
before  wheat— every  four  yeai*  Thla  waa  25  buahela  per  acre  for  each  year.  In  aueh 
lands  aa  theae  the  aavfofln  ttie  arUde  of  lime  alone,  which  would  follow  a  judicioiu  draloace, 
would  be  very  great. 
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third,  fourth,  or  sixth  year,  accordiDg  to  the  length  of  the  rotatioo.  In 
the  former  case  from  40  to  50  bushels  are  appli^  per  acre,  in  the  latter 
from  10  to  12  bushels  every  third  year.  In  both  modes  of  procedure 
the  quantity  of  lime  applied  by  the  year  is  nearly  the  same—between 
31  and  4  bushels  per  acre.  These  quantities  are  very  much  less  than 
those  employed  m  our  island,  but  the  soils  are  also  greatly  lighter,  and 
the  climate,  as  well  as  the  general  treatment  of  the  land,  very  different. 

We  may  consider  it,  therefore,  as  a  principle  recognised  or  involved 
in  the  agricultural  practice  both  of  our  own  and  of  foreign  countries, 
that  nearly  the  same  ctnnual  addition  of  lime  ought  to  be  made  to  the 
land,  whether  it  be  applied  at  lone  intervals  or  at  the  recurrence  of  each 
rotation.  There  is,  therefore,  on  the  whole,  no  saving  in  the  cost  of  lime, 
whichever  method  von  adopt.  A  slight  consideration  of  the  subject, 
however,  may  satisfy  us  that  there  is  a  real  difference  in  the  compara- 
tive economy  or  profit  of  the  two  methods. 

Let  us  suppose  two  acres  of  the  same  clay  land  to  be  limed  respec- 
tively with  200  busheb  each,  and  that  the  one  is  cropped  for  twenty 
years  afterwards  without  further  liming,  while  the  other  at  the  end  of 
every  five  years  is  dressed  with  an  additional  dose  of  40  to  50  bushels. 
In  both  cases  the  land  would  have  attained  the  most  productive  con- 
dition Id  five  or  six  years.  Let  us  suppose  that  in  this  condition  it  pro- 
duced annually  a  crop  of  (or  equivalent  in  nutritive  value  to)  30  bushels 
of  wheat,  and  that  on  neither  acre  did  a  sensible  diminution  appear  be- 
fore the  end  of  ten  years.  Then  durine  the  second  ten  the  crops  would 
gradually  lessen  in  the  one  acre,  while,  in  consequence  of  the  re- 
addition  of  the  lime  as  it  disappears,  the  amount  of  produce  would  re- 
main sensibly  the  same  in  the  other  acre.  Suppose  the  produce  of  the 
former  gradually  to  diminish  from  30  to  20  bushels-  during  these  ten 
years, — or  that  while  the  one  has  continued  to  yield  30  bu^els  during 
the  whole  period,  the  other  has,  on  an  average,  yielded  only  25  bushels 
durine  the  latter  ten  years.  If  now  the  second  large  dose  of  200  bushels 
be  added  to  this  latter  acre,  the  cost  of  liming  both  will  have  become 
sensibly  the  same,  but  the  amount  of  produce  or  of  profit  from  the  tv^o 
acres  during  the  second  ten  years  will  stand  thus— 
10  crops,  of  30  bushels  each,  amount  to  300  bushels. 
10  crops,  of  25  bushels  each,  amount  to  250  bushels. 

Bifierence  in  favour  of  frequent  liming,  50  bushels  per  acre, 
or  nearly  two  whole  crops  every  lease  of  twenty  years* 

Thus  it  appears 

1°.  That,  according  to  the  practice  of  different  countries,  the  quantity 
of  lime  which  ought  to  be  added,  and  consequently  the  cost  of  adding  it, 
is  very  nearly  the  same,  whether  it  be  applied  in  larger  doses  at  longer 
intervals,  or  m  smaller  doses  more  frequently  repeated. 

2^.  That,  after  the  first  heavy  liming^  the  frequent  application  of 
small  doses  is  the  more  natural  method — and 

3°.  That  it  is  also  the  most  economical  or  profitable  method. 

It  is  possible  that  other  considerations,  such  as  the  tenure  by  which 
your  land  is  held,  may  appear  sufficient  to  induce  you  to  depart  from 
thiB  method ;  but  there  seems  every  reason  to  believe  that  it  will  best 
reward  those  who  feel  themselves  at  liberty  to  follow  the  indications  at 
once  of  sound  theory  and  of  enlightened  practice.  zeuDy^ww^iv. 
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One  ihiog,  however,  must  be  borne  in  mind  by  tboae  who,  io  adopting 
the  best  system  of  liming,  do  not  wish  both  to  injure  their  land  and  to 
meet  with  ultimate  disappointment.  Organic  matter—in  the  form  of 
farm-yard  manure,  of  bone  or  rape  dust,  of  green  crops  ploughed  in,  or 
of  peat,  and  other  compast^->mu8t  be  abundantly  and  systematically 
added,  if  at  the  end  of  20  or  40  years  the  land  in  which  the  full  supply 
of  lime  is  kept  up  is  to  retain  its  original  fertilhy.  High  farming  is  the 
most  profitable— for  the  soil  is  ever  grateful  for  skilful  treatment — but 
be  who  farms  high  in  the  sense  of  keeping  up  the  supply  of  lime,  must 
also  farm  high  in  the  sense  of  keeping  up  the  supply  of  organic  and 
other  manures  in  the  soil-— otherwise  present  fertility  and  gain  will  be 
followed  by  future  barrenness  and  loes.  If  this  is  not  to  be  done,  it 
were  better  to  add  lime  at  long  intervals,  since  as  the  quantity  of  lime 
diminishes,  the  land  begins  to  enjoy  a  little  respite,  and  has  had  time  ia 
some  measure  to  recover  itself— the  cropping  in  both  instances  being  the 
8ame-«4iefore  the  new  dose  is  laid  upon  its  surface.* 

§  12.  Form  and  state  of  combination  in  uUdch  lime  ought  to  be 
applied  to  the  land. 

The  form  and  state  of  combination  in  which  lime  ought  to  be  applied 
to  the  land  depend  upon  the  nature  of  the  soil,  on  the  kind  of  cropping 
to  which  it  is  subjected,  and  on  the  special  purpose  which  the  lime  is 
intended  to  effect.  The  soil  may  be  heavy  or  light,  in  arable  culture, 
or  laid  down  to  grass,  and  each  of  these  conditions  indicates  a  different 
mode  of  procedure  in  the  application  of  lime.  So  the  lime  itself  may 
be  intended  either  to  act  more  immediately  or  to  be  more  permanent  in 
its  action— or  it  may  be  applied  for  the  purpose  of  destroying  unwhole- 
some herbage,  of  Quickening  inert  vegetable  matter,  of  generally  sweet- 
ening the  soil,  or  simply  of  adding  to  the  land  a  substance  which  is  in* 
dispensable  to  its  fertility.  The  skilful  agriculturist  will  modify  the 
form  and  mode  of  application  according  as  it  is  intended  to  serve  one  or 
other  of  these  purposes. 

From  the  considerations  already  presented  to  you  (§  3)  in  regard  to 
the  changes  which  quick-lime  undergoes  in  the  air,  it  appears  to  be 
expedient, 

1°.  To  slake  lime  quickly,  and  to  apply  it  immediately  upon  clay, 
boggy,  marshy,  or  peaty  lands— upon  such  also  as  contain  much  inert 
or  generally  which  abound  in  other  forms  of  vegetable  matter. 

2^.  To  bents  and  heaths  which  it  is  desirable  to  extirpate,  it  should 
be  applied  in  the  same  caustic  state,  or  to  unwholesome  subsoils  which 
contain  much  iron  (sulphate  of  iron),  as  soon  as  they  are  turned  up  by 
the  plough.  In  both  these  cases  the  unslaked  lime-dust  from  the  kilns 
might  be  laid  on  with  advantage. 

3°.  Where  it  is  to  be  spread  over  grass  lands  without  destroying  the 
herbage,  it  is  in  most  cases  safer  to  aUow  the  lime  to  slake  spontaneous- 

*  **  Id  the  o«lthboarhood  of  Tauntoo,  in  BoniAraetthire,  and  over  all  the  aoU  of  the  new 
red  flaod-stone,  the  farmera  lime  their  land  everv  time  it  comes  in  course  of  fallow  for  tur- 
nipt*,  and  thin  prodQces  excellent  cropa,  even  without  dun?."— Norton  on  SOt'fB,  third  edition, 
p.  1 81.  The  practical  reader  muiit  not  consider  thia  custom  of  the  Someraetahire  fannen  as 
at  all  at  variance  with  what  ia  aiated  in  the  text ;  he  must  conclude,  rather.— if  the  sentence 
here  auoted  is  meant  to  apply  that  they  lime  their  arable  land  so  repeatedly,  and  yet  add  no 
oiianie  manura'-chal  Uiey  will,  aooner  or  later,  ceaae  to  boaai  of  its  lerliUty. 
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]y,  and  in  the  open  air  rather  than  in  a  corered  pit.  It  is  thus  obtained 
in  an  exceedingly  fine  powder,  which  can  be  easily  spread,  and,  wlnle 
it  is  sufficiently  mild  to  leave  the  tender  griisses  unharmed,  it  containe 
a  sufficient  quantity  of  caustic  lime  (p.  368)  to  produce  those  chemical 
changes  in  the  soiltm  which  the  efficacy  of  quick-lime  depends. 

4°.  Where  lime  is  applied  to  the  fallow,  is  ploughea  in,  well  har- 
rowed or  otherwise  mixed  with  the  soil,  it  is  generally  of  little  oonse- 
queues  in  which  of  the  above  states  it  is  laid  on.  The  chief  condition 
is,  that  it  be  in  the  state  of  a  fine  powder,  and  that  it  be  well  spread  and 
intimately  mixed  with  the  soil.  Before  these  operations  are  concluded 
the  lime  will  be  veiy  nearly  in  the  state  of  combination  in  which  it  ex- 
ists in  spontaneously  slakea  lime— whatever  may  have  been  the  state 
of  caosticitv  in  which  it  has  been  applied. 

You  will  understand  that  the  above  remarks  appl^  only  to  localitiea 
where  burned  lime  is  usually  or  alone  used  for  agricultural  purposes. 
There  may  be  localities  where  marl  also  exists,  or  shell  or  hme-stone 
sand,  in  greater  or  less  abundance,  and  in  such  places  it  may  be  a  ques- 
tion of  some  importance  to  determine  which  it  would  be  better  or  more 
economical  to  appl^.  In  such  a  case  you  may  safely  proceed  upon  the 
principle  that  the  lime  in  the  marls,  ^.,  will  ultimately  produce  pre- 
cisely the  same  effects  upon  your  land  as  the  lime  from  the  kiln,  provi- 
ded yoa  lay  on  an  equal  quantity,  and  in  an  equally  minute  state  of  di- 
vision. The  effect  will  only  be  a  little  more  slow,  and  the  full  fertility 
of  the  land  a  year  or  two  longer  in  being  brought  out.  You  would 
therefore  consider, 

1°.  How  much  of  the  marl  or  sand  must  I  add  to  be  e^ual  to  a  ton  oC 
lime-shells  ?  This  will  depend  on  the  per-centage  of  lime  which  the 
marl  contains.  Suppose  it  to  contain  20  per  cent.,  or  one-fifth  of  its 
weight  of  lime,*  then  five  tons  of  the  marl  will  be  equal  to  one  ton  of 
lime  didU.  But  as  the  lime  in  the  marls  and  sands  is  never  in  so  mi- 
nute a  state  of  division  as  in  the  slaked  lime,  the  same  quantity  of  lime 
in  the  former  cannot  'be  so  equally  diffused  through  the  soil  as  in  the 
latter  state.  An  allowance  must  therefore  be  made  on  this  account,  and 
an  additional  quantity  equal  to  one-fourth  or  one-fiflh  of  the  whole  added, 
for  the  purpose  of  equalizioe  the  effect. 

2^.  Which  of  the  two,  me  quick-lime  or  its  equivalent  of  marl,  can 
I  obtain  and  apply  at  the  less  cost  ?  This  will  not  be  difficult  to  calcu- 
late, the  proportion  of  lime  contained  in  the  marl  being  once  ascertained. 
3°.  This  question  of  economy  being  decided,  it  is  necessary  to  consi- 
der the  kind  and  quantity  of  the  earthy  matter  with  which  the  lime  in 
the  marl  is  mixed.  If  it  be  a  lime-sand  or  sandy  marl,  it  may  be  unfit 
10  apply  to  light  and  sandy  soils;  if  it  be  a  stiff"  unctuous  clay  marl,  it 
may  only  render  stiffer  and  more  difficult  to  work  the  clay  lands  on 
which  you  may  propose  to  spread  it.  In  such  cases  as  these,  however 
economical  the  use  of  marls  or  lime-stone  sands  may  be,  the  intelligent 
farmer  will  prefer  the  addition  of  quick-lime  wherever  it  is  readily  ac- 
cessible. 
Sussex  is  one  of  those  districts  in  which  the  ancient  use  of  marl  has 

*  Not  earbonaU  of  lime,  Init  of  Ume  la  Uie  itate  in  which  tt  oomes  firom  the  kfln.    100  Ibi. 
of  caitofifttd  coaiaia  86  Um.  gttiek  lime,  p.  aS4.  r^  T 
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I^ven  place  to  the  employment  of  boroed  lime  (Beataon),  chiefly,  I  be* 
fieve,  from  the  nature  of  the  local  marl  being  leiw  adapted  to  the  atiff* 
clay  lands  of  that  county. 

§  13.  Of&€  uu  and  advantage  of  ike  eotnpoHform. 

As  there  are  many  cases  in  which  lime  ou^^ht  to  be  applied  unmixed 
and  in  the  caustic  slate,  so  there  are  others  in  which  it  is  best  and  most 
beneficially  laid  upon  the  land  in  a  mild  state  and  in  the  form  of  com* 
poet. 

1^.  When  lime  is  required  only  in  small  quantities,  it  can  be  more 
evenly  spread  when  previously  well  mixed  with  from  3  to  8  times  its 
bulk  of  soil. 

2^.  On  light,  sandy,  and  gravelly  soils,  when  of  a  dry  character,  un- 
mixed lime  will  bring  up  much  cow- wheat  (melampyrum)  and  red 
poppy.  If  they  are  moist  soils,  or  if  rainy  weather  ensue,  the  lime  is 
apt  to  run  into  mortar,  and  thus  to  form  either  an  impervious  subeoU,  or 
lumps  of  a  hard  conglomerate,  which  are  brought  up  by  the  plough,  hot 
do  not  readily  yield  their  lime  to  the  soil.  These  bad  consequences 
are  all  avoided  by  adding  the  lime  in  the  form  of  compost. 

3^.  Applied  to  grass  land»— unless  the  soil  be  stiff  clay— or  much 
coarse  grass  is  to  be  extirpated,— it  is  generally  better  and  safer  to  apply 
it  in  the  compost  form.  The  action  of  the  lime  on  the  tender  herbage  la 
by  this  means  moderated,  and  its  exhausting  effect  lessened  upon  foils 
which  contain  little  vegetable  matter. 

4^.  In  the  compost  form  the  same  quantity  of  lime  acts  more  imme- 
diately. While  l^ingin  a  state  of  mixture, 'those  cfaemicid  changes 
which  lime  either  induces  or  promotes  have  already  to  a  certain  extent 
taken  place,  and  thus  the  sensible  efiect  of  the  lime  becomes  apparent 
in  a  shorter  time  after  it  has  been  laid  upon  the  land. 

5^.  This  is  still  more  distinctly  the  case  when,  besides  earthy  matter, 
decayed  vegetable  substances,  ditch  scourings,  qpd  other  refuse,  are 
mixed  with  the  lime.  The  experience  of  every  practical  man  has  long 
proved  how  very  much  more  enriching  such  composts  are,  and  more  ob- 
vious in  their  effects  upon  the  soil*  than  the  simple  application  of  lime 
alone. 

6°.  It  is  stated  as  the  result  of  extended  trial  in  Flanders  and  in  parts 
of  France,  that  a  much  smaller  quantity  of  lime  laid  on  in  this  form 
will  produce  an  equal  effect.  For  this,  one  cause  may  be,  that  the  rains 
are  prevented  from  acting  upon  the  mass  of  coinixist  as  they  would  do 
upon  the  open  soil — ^in  washing  out  either  the  lime  itself  or  the  saline 
substances  which  are  produced  during  its  contact  with  the  earthy  and 
vegetable  matter  with  which  it  is  mixed. 

7°.  The  older  the  compost  the  more  fertilizing  is  its  action.  This  fact 
is  of  the  same  kind  with  that  generally  admitted  in  respect  to  the  action 
of  marls  and  unmixed  Itme^-that  it  is  more  sensible  in  the  second  year, 
or  in  the  second  rotation,  than  in  the  first. 

In  conclusion,  it  ma^  be  stated  that  this  form  of  application  is  espe- 
cially adapted  to  the  lightest  and  driest  soils,  and  to  such  as  are  poorest 
in  vegetable  matter.  In  this  form,  lime  has  imparted  an  unexpected 
ferJliiy  even  to  the  white  and  barren  sands  of  the  Landes  (Puvis),  and 
upon  ihe  dry  hills  of  Derbyshire  it  has  produced  ^p|^qs(^liml^,beaefit. 
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§  14.   fVhen  ought  lime  to  he  applied  t 

This  question  may  refer  either  to  the  period  in  the  lease,  in  the  rota* 
tion,  or  of  the  year  m  which  lime  may  most  beneficially  be  laid  upon 
the  land.  We  have  already  considered  this  point  in  so  far  as  it  refers  to 
the  lease,  while  discussing  the  propriety  of  applying  lime  in  large  or 
small  doses. 

In  regard  to  the  period  of  the  year  and  of  the  rotation*  there  are  three 
principles  by  which  the  procedure  of  the  practical  man  ought  chiefly  to 
be  directed. 

1^.  That  Ume  takes  some  time  to  produce  its  knoum  effects  upon  the  soiL 
-—It  ought,  therefore,  to  be  applied  as  long  as  possible  before  the  crop  is 
sown.  That  is,  in  the  early  autumn,  where  either  winter  or  spring  com 
is  about  to  be  sown,«-on  the  naked  fallow  where  the  land  is  allowed  to 
be  at  rest  for  a  year,— or  on  the  grass  fields  before  breaking  op,  where 
the  pasture  is  to  be  immediately  succeeded  by  corn. 

2^.  Th(tt  quick-lime  expels  ammonia  from  decomposed  and  fermenting 
manure* 

When  such  manure,  therefore,  is  applied  to  the  land,  as  it  is  in  all  oar 
well-farmed  districts,  quick-lime  should  not  be  so  laid  upon  the  land  as 
to  come  into  immediate  contact  with  it.  If  both  must  be  applied  in  the 
same  year,  they  should  be  laid  on  at  periods  as  distant  from  each  other 
as  may  be  convenient,  or  if  this  necessity  does  not  exist,  the  lime  should 
be  spread  either  a  year  before  or  a  year  after  the  period  in  the  rotation  at 
which  the  manure  is  usually  applied. 

It  is  for  this  reason,  as  well  as  for  the  other  already  stated  (1^.)  that 
lime  is  applied  to  the  naked  faUow,  to  the  grass  before  breaking  up,  or 
along  with  the  winter  wheat  after  a  green  crop  which  has  been  aided  by 
fermented  manure.  When  pbughed  into  the  fallow,  or  spread  upon 
the  crass,  it  has  had  time  to  be  almost  completely  convened  into  the 
mila  state  (that  of  carbonate),  before  the  manure  is  laid  on.  In  this 
mild  state  it  has  no  sensible  effect  in  expelling  the  ammonia  of  decom« 
posing  manare.  Again,  when  it  is  applied  in  autumn  along  with,  or  im- 
mediately before  the  seed,  the  volatile  or  amroooiacal  part  of  the  ma- 
nare has  already  been  expended  in  nourishing  the  green  crop,  so  that 
loss  can  rarely  accrue  from  the  admixture  of  the  two  at  this  period  of  die 
rotation. 

The  excellent  elementary  work  of  Professor  Lowe*  contains  the  fol- 
lowing remark:—**  It  is  not  opposed  to  theory  that  lime  should  be  applied 
to  the  soil  at  the  same  time  with  dung  and  other  animal  and  vegetable 
substances,  as  is  frequent  in  the  practice  of  farmers.'*  This  is  strictly 
correct  only  in  regard  to  marls,  lime-sand,  &c.,  or  to  perfectly  mild  lime» 
any  of  which  may  be  mixed,  without  loss,  with  manure  in  any  state. 
Of  quick  or  caustic  lime  it  is  correct  only  when  the  animal  or  vegetable 
mauer  has  not  yet  begun  to  ferment.  With  recent  animal  or  vegetable 
matter  quick-lime  may  be  mixed  up  along  with  earth  into  a  compost^ 
not  only  without  the  risk  of  much  loss,  but  with  the  prospect  of  mani- 
fest advantage. 

3^.  That  quick-lime  hastens  or  revives  the  decomposition  of  ir^ert  OT' 
ganie  matter. — This  fact  also  indicates  the  propriety  of  allowing  the 

•  BsnuntffPnetktd  J^TiW«iirc,l«nrf«A7i>isp.6?,,y,,,,„„yGoOgIe 
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lime  as  much  time  as  possible  to  operate  before  a  crop  is  taken  from 
land  in  which  organic  matter  already  abounds.  Or  where  fermenting 
Manure  is  added,  it  advises  the  farmer  to  wait  till  spontaneous  decompo- 
sition becomes  languid,  when  the  addition  of  lime  will  bring  it  again  into 
action  and  thus  maintain  a  more  equable  fertility. 

In  a  work  upon  soils,  which  I  have  frequently  commended  to  your 
noticet*  you  will  find  the  following  observations : — ^*  Writers  on  agncal- 
tnre  have  stated  that  lime  hastens  the  decay  of  vegetable  matter,  whereaa 
the  fact  is,  that  it  retards  the  process  of  the  decomposition  of  vegetable 
matter.  If  straw  or  lone  dung  be  mixed  with  slaked  lime,  it  will 
be  preserved  ;  while  if  mixed  with  an  equal  portion  of  earth,  the  earth 
will  hasten  its  decay.'*  The  two  facts  stated  in  this  last  sentence  are, 
I  believe,  correct,  ^et  it  is  nevertheless  consistent  both  with  theory  and 
universal  observation,  that  lime  in  (he  soil  promotes  the  decomposition  of 
organic  matters,  both  animal  and  vegetable.  This  will  appear  more 
clearly  when  we  come  to  study  the  precise  nature  of  the  action  of  lime 
upon  organic  substances  in  general. 

The  above  remarks,  in  regard  to  the  best  time  for  ap]^lying  lime,  refer 
eliiefly  to  quiek^Ume,  the  state  in  which,  in  England,  it  is  so  extensively 
need.  Marls  and  shell-sands  can  cause  no  loss  when  mixed  with  the 
manure,  and  therefore  may  with  safety  be  laid  on  at  any  period  of  the 
rotation.  The  same  remark  applies  with  greater  force  to  the  lime  com- 
posts. These  may  be  used  precisely  in  the  same  way  as,  and  even  in- 
stead of,  the  richer  manures — may  be  laid,  without  risk,  upon  grass  landa 
of  any  quality,  and  at  any  period— or  as  a  top  dressing  on  the  young 
core  m  spring,  when  the  grass  and  clover  seeds  are  sown  by  which  the 
corn  crop  is  to  be  succeeded.  And  as  the  compost  acts  more  speedily 
than  lime  in  any  other  form,  it  is  especially  adapted  for  immediate  ap- 
plication to  the  crop  it  is  intended  to  benefit.  To  wet  lands  aUo,  it  ia 
well  suited,  and  to  such  as  are  subject  to  much  rain,  by  which,  whUe  the 
surface  is  naked,  the  soloble  matters  produced  in  the  soil  are  likely  to  be 
Tery  much  washed  away. 

§  15.  Of  the  effects  produced  by  lime» 

^  The  effects  of  pure  lime  upon  the  land,  and  upon  vegetation,  are  tit- 
iimately  the  same,  whether  it  be  laid  on  in  a  state  of  hydrate  or  of  car- 
bonate. If  different  varieties  produce  unlike  effects,  the  quantity  of 
lime  applied  being  the  same,  it  is  because  in  nature  lime  is  always  more 
or  less  mixed  with  other  substances  which  are  capable  of  modilying  the 
effects  which  pure  lime  would  alone  produce.  The  special  effects  of 
marls,  ^..,  when  they  differ  from  those  of  burned  lime,  are  to  be  ascribed 
to  the  presence  of  such  admixtures.  In  ^oeral,  however,  the  chemical  • 
action  of  the  marls  and  calcareous  sands  is  precisely  the  same  in  kind  aa 
that  of  lime  in  the  burned  and  slaked  state,  and  so  far  the  effects  which 
we  have  already  seen  to  be  produced  by  marls  (p.  374),  represent  also 
the  general  effects  of  lime  in  any  form. 

These  general  effects  may  be  considered  in  reference  to  the  land  oq 
which  it  is  laid,  and  to  the  crops  which  are,  or  may  be,  made  to  grow 
upon  it. 

•  Moitoa  **  Om  SUU,"  ttiirdaditloo,  p.  181.  n  1 
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1. — ^EFFECTS  OF  LIMB  UPON   THE  LAND. 

Pare  lime,  like  the  marls,  produces  both  a  mechanical  and  a  chemi- 
cal effect  apon  the  soil.  The  former  is  constant  with  all  varieties  of 
tolerabljF  pure  lime,  and  is  easily  understood.  It  opens  and  renders  freer 
such  soils  as  are  stiflT  and  clayey,  while  it  increases  the  porosity  of  such 
as  are  already  light  and  sandy.  To  the  former  its  mechanical  action  is 
almost  always  favourable,  to  the  latter  not  unfreouently  the  reverse. 

From  its  chemical  action  the  benefits  which  follow  the  use  of  lime 
are  chiefly  derived.    These  benefits  are  principally  the  fbllowing:-- 

1°.  It  increases  the  fertility  of  all  soils  m  which  lime  does  not  already 
abound,  and  esoecially  adds  to  the  productiveness  of  such  as  are  moist 
or  contain  mucn  inert  vegetable  matter* 

2^.  It  enables  the  same  soils  to  produce  crops  of  a  superior  quaUiy 
also.  Lend  which,  uulimed,  will  produce  only  a  scanty  crop  (3  or  4 
Ibid)  of  rye>  by  the  addition  of  lime  alone,  will  vield  a  6  or  7  fold  re- 
turn of  tA^Mi.  From  some  clays,  also,  apparently  unfit  to  grow  com, 
it  brinas  up  luxuriant  crops. 

3^.  It  increases  the  eltect  of  a  given  application  of  manure;  calls 
into  action  that  which,  having  been  previously  added,  appears  to  lie 
dormant;  and,  though  as  we  have  already  seen  (p.  386),  manure  must 
be  plentifully  laid  upon  the  land,  after  it  has  been  well-limed,  yet  the 
same  degree  of  productiveness  can  still  be  maintained  at  a  less  cost  of 
manure  than  where  no  lime  has  been  applied. 

4®.  As  a  necessary  result  of  these  important  changes,  the  money 
value  and  annual  return  of  the  land  is  increased,  so  that  tracts  of  coun- 
try which  had  let  with  difficulty  for  5s.  an  acre,  have  in  many  localities 
been  rendered  worth  30s.  or  40s.  by  the  application  of  lime  alone  (Sir 
J.  Sinclair.) 

tl.— EFFECTS  OF  LIMB  ON   THE  PE0DUCTI0N8   OP  TH«  SOIL. 

1^.  it  alters  the  natural  produce  of  the  Utndt  by  UUinff  some  kinds  of 
plants  and  favouring  the  crowth  of  others,  the  seeds  of  which  had  before 
lain  dormant.  Thus  it  oestroys  the  plants  which  are  natural  to  silicious 
soils  and  to  moist  and  marshy  places.  From  the  corn-field  it  extirpates 
the  eom-marigold  (chrysanOicmum  segetum),*  while,  if  added  in  excess, 
it  encourages  the  red  poppy,  the  yellow  cow- wheat  (melatnpyrym  pra* 
tense),  and  the  yellow  rattle  (rhinanthMS  crista  galli),  and  when  it  has 
sunk,  favours  the  growth  of  the  troublesome  and  deep-rooted  coltsfoot. 

Similar  efiects  are  produced  upon  the  natural  grasses.  It  kill9  heath, 
moss,  and  sour  and  bentyf  (airostis)  grasses,  and  brings  up  a  sweet 
and  tender  herbage,  mixed  with  white  and  red  clovers,  more  greedily 
eateo  and  more  nourishing  to  the  cattle.  Indeed  all  fodder,  whether 
natural  or  artificial,  is  said  to  be  sounder  and  more  nourishing  when 
grown  upon  land  to  which  lime  has  been  abuudantlv  applied.  Chi  benty 
grass  the  richest  animal  manure  often  produces  Uule  improvenieat  until 
a  dressing  of  lime  has  been  laid  oq, 

t  la  UddMale,  oo  Oie  Beotttdi  border,  l«  «  liirf  e  tMct  of  tend  in  \vhat  b  there  cbHoa 
Jhf*lMf  A<>*'«  oot  worU)  more  than  3e.  an  mere.  If  nirface-draioed  and  limed  at  a  coat  of  £9. 
to  £3.  an  acre,  tbia  becomea  worth  12B.>a  acre  for  aheep  paature.  An  iolelUgent  and  ezpe* 
rienced  border  farmer  aMorea  me  Ukalaiich  land  would  nerer forget  40  to  60  buabelaof  Ume 
per  acre. 
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It  is  pardy  in  consequence  of  the  change  which  it  thus  pioducea  in 
the  nature  of  the  herbage,  that  the  application  of  qaick-time  to  old  grass- 
lands, some  time  before  breaking  up,  is  found  to  be  so  useful  a  practice. 
The  coarse  grasses  being  destroyed,  tough  grass  land  is  opened  and 
softened,  and  is  afterwards  more  easily  worked,  while,  when  tnroed 
over  by  the  plough,  the  sod  sooner  decays  and  enriches  the  soil.  It  is 
another  advantage  of  this  practice,  however,  that  the  lime  has  time*  to 
diffuse  itself  through  the  soil,  and  to  induce  some  of  those  chemical 
changes  by  which  Uie  succeeding  crops  of  com  are  so  greatly  benefitted. 
■  79,  It  improve*  the  qiuUity  of  almost  every  cuUivaUd  crop.  Thot, 
upon  limed  land, 

a.  The  grain  of  the  corn  crops  has  a  thinner  skin,  is  heavier,  and 
yields  more  flour,  while  this  flour  is  said  also  to  be  richer  in  gluten. 
On  the  other  hand,  these  crops,  after  lime,  run  less  to  straw,  and  are 
more  seldom  laid.  In  wet  seasons  (in  Ayrshire)  wheat  preserves 
its  healthy  appearance,  while  on  unlimed  land,  of  equal  qnalityy 
it  is  yellow  and  sickly.  A  more  marked  improvement  is  said  also  to  be 
produced  both  in  the  quantity  and  in  the  quality  of  the  spricg-sown 
than  of  the  winter-sown  crops  (Puvis.) 

6.  Potatoes  grown  upon  all  soils  are  more  a^^able  to  the  taste  and 
more  mealy  after  lime  has  been  applied,  and  this  is  especially  the  case 
on  heavy  and  wet  lands,  which  lie  still  undrained. 

e.  Turnips  are  often  improved  both  in  quantity  and  in  quality  when 
it  is  laid  on  in  preparing  the  ground  for  the  seed.  It  is  most  ellicient, 
and  causes  the  greatest  saving  of  farm-yard  manure  where  it  is  applied 
in  the  compost  form,  and  where  the  land  is  already  rich  in  organic  mat- 
ter of  various  kinds. 

d.  Peas  are  grown  more  pleasant  to  the  taste,  and  are  said  to  be 
more  easily  boiled  soft.    Both  beans  and  peas  also  yield  more  grain. 

e.  Rape,  after  a  half-liming  and  manuring,  gives  extraordinary  crops, 
and  the  same  is  the  case  with  the  colsa^  the  seed  of  which  is  largely 
raised  in  France  for  the  oil  which  it  yields. 

/.  On  flax  alone  it  is  said  to  be  injurious,  diminishing  the  strength  of 
the  fibre  of  the  stem.  Hence,  in  Belgium,  flax  is  not  grown  on  Bmed 
land  till  seven  years  after  the  lime  has  been  applied. 

3®.  It  hastens  the  maturity  of  the  crop.— It  is  true  of  nearly  all  our 
cultivated  crops,  but  especially  of  those  of  com,  that  their  full  growth 
'is  attained  more  speedily  when  the  land  is  limed,  and  that  they  are 
ready  for  the  harvest  from  10  to  14  days  earlier.  This  is  the  case  even 
with  buck-wheat,  which  becomes  sooner  ripe,  though  it  yields  no  larger 
a  return,  when  lime  is  applied  to  the  land  on  which  it  is  grown. 

4^.  The  liming  of  the  land  is  the  harbinger  of  health  as  well  as  of 
abundance.  It  salubrifies  no  less  than  it  enriches  the  well  cultivated 
district.  I  have  already  drawn  your  attention  (p.  310)  to  this  as  one  of 
the  incidental  results  which  follow  the  skilful  introduction  of  the  drain 
over  large  tracts  of  country.  Where  the  use  of  lime  and  of  the  drain  go 
together,  it  is  difficult  to  say  how  much  of  the  increased  healthiness  of 


*  A  comiMirtWely  loog  period  !•  gometimpv  pprmitted  to  •lapte  before  the  graw  land  is 
broken  up  after  liming.  Thua  at  Netherby,  **liine  or  compoit  u  always  applied  to  the  third 
Tear's  pasture,  which  Is  reuoyated  by  U,  and  In  two  or  Ouree  yean  breaks  up  admirabl/ 
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the  district  is  dae  to  the  one  improveiDent,  and  bow  much  to  the  other. 
The  lime  arrests  the  noxious  effluvia  which  tend  to  rise  more  or  less 
from  every  soil  at  certain  seasons  of  the  year,  and  decomposes  them  or 
causes  their  elements  to  assume  new  forms  of  chemical  combination,  in 
which  they  no  loneer  exert  the  same  injurious  influence  upon  animal 
life.  How  beautiful  a  consequence  of  skilful  agriculture,  that  the  health 
of  the  community  should  be  promoted  by  the  sam?  methods  which 
most  largely  increase  the  produce  of  the  laind !  Can  you  doubt  that  the 
AU-benevofent  places  this  consequence  so  plainly  before  you,  as  a  stimu- 
lus to  further  and  more  general  improvement-*to  the  application  of 
other  knowledge  still  to  the  ameliorauon  of  the  soil  7 

§  16.  Ckreumstances  hy  which  the  effects  of  lime  are  modified* 

These  efiects  of  lime  are  modified  by  various  circumstances.  We 
have  already  seen  that  the  quantity  which  must  be  applied  to  produce 
a  given  effect,  and  the  form  in  which  it  will  prove  most  advantageoust 
are,  in  a  ^reat  measure,  dependent  upon  the  dryness  of  the  soil,  upon 
the  quantity  of  vegetable  matter  it  contains,  and  on  its  stifi*or  open  tex- 
ture. There  are  several  other  circumstances,  however,  to  which  it  is 
proper  still  to  advert.    Thus, 

1°.  Its  effects  are  fpreatest  when  well  mixed  with  the  soil,  and  kept 
near  the  turfaee  vnthin  eary  reach  of  the  atmosphere*  The  reason  of 
this  will  hereafter  appear. 

2°.  On  arable  soils  of  the  same  kind  and  quality,  the  effects  are 
greatest  upon  such  as  are  newly  ploughed  out,  or  upon  subsoils  just 
brought  to  day.  In  the  case  of  subsoils,  this  is  owing  partly  to  their 
containing  naturall}r  very  little  lime,  and  partly  to  the  presence  of  nox- 
ious ingr^ients,  which  hme  has  the  power  of  neutralizing.  In  the  case 
of  surface  soils  newly  ploughed  out,  the  greater  eflect,  in  addition  to 
these  two  causes,  is  due  also  to  the  large  amount  of  vegetable  and  other 
organic  matter  which  has  gradually  accumulated  within  them.  It  is 
the  presence  of  this  organic  matter  which  has  led  to  the  establishment 
of  toe  excellent  practical  rule — "  that  lime  ought  always  to  precede  pu- 
trescent manures  when  old  leys  are  hroJcen  up  for  cultivation." 

3°.  Its  effects  are  greater  on  certain  geological  formations  than  oa 
others.  Thus  it  produces  much  eflect  on  drifted  (diluvial)  sands  and 
clays— on  the  soils  of  the  plastic  and  wealden  clays  (Lee.  XI.,  §  6)^-on 
those  of  the  new  and  old-red  sand-stones,  of  the  granites,  and  of  many 
slate-rocks— and,  generally,  on  the  soils  formed  from  all  rocks  which 
contain  little  lime,  or  from  which  the  lime  may  have  been  washed  out 
daring  their  gradual  degradation. 

On  the  other  hand,  it  is  of>en  applied  in  vain  to  the  soils  of  the  oolites 
(Lee.  XL,  §  8),  and  other  calcareous  formations,  because  of  the  abundance 
of  lime  already  present  in  them.  The  advantage  derived  from  chalking 
thin  clay  soils  resting  immediately  upon  the  chalk  rock  (Lee.  XL,  § 
8«  and  page  376),  is  explained  by  the  almost  entire  absence  of  lime 
fit>m  these  soils.  The  clay  covering  of  the  chalk  wolds  has  probably 
been  formed,  not  from  the  ruins  of  the  chalk  rock  itself,  but  from  the 
deposit  of  muddy  waters,  which  rested  upon  it  for  some  time  before 
those  localities  became  dry  land. 

4^.  Lime  produces  a  gteBXer  proportional  improvement  upon  poor  soils 
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than  on  such  as  are  richer  (Dr.  ADderson).  This  is  also  easily  under- 
stood. It  is  of  poor  soils  in  their  natural  state  of  which  Dr.  Anderson 
spealcs.*  In  this  state  they  contain  a  greater  or  less  quantity  of  organic 
matter,  but  are  nearly  destitute  of  lime,  and  hence  are  in  the  most  faTour- 
ablc  condition  for  being  benefitted  by  a  copious  liming.  Experience 
has  proved  that  by  this  one  operation  sach  land  may  be  raised  in  money 
value  eight  times,  or  from  6s.  to  40a.  per  acre ;  but  no  practical  man 
would  expect  that  arable  land  already  worth  <£2.  per  acre  could,  by 
liming  or  any  other  single  operation,  become  worth  <£16.  per  acre  of  an- 
nual rent.  The  greater  proportional  improvement  produced  upon  poor 
lands  by  lime  is  only  an  illustration,  therefore,  of  the  eeneral  truth** 
that  on  poor  soils  the  eflbrts  of  the  skilful  improver  are  always  crowned 
with  the  earliest  and  most  apparent  success. 

5^.  In  certain  cases,  the  addition  of  lime,  even  to  land  in  good  culti- 
vation, and  according  to  the  urdinary  and  approved  practice  of  the  district, 
produces  no  eflect  whatever.  This  is  sometimes  observed  where  the 
custom  prevails,  as  in  some  parts  of  Ayrshire  and  elsewhere,  to  apply 
lime  along  with  every  wheat  crop  (p.  384),  and  on  such  farms  especially 
where  the  land  is  of  a  lighter  quality.  Where  from  40  to  60  bushels 
of  lime  are  added  at  the  end  of  each  rotation  of  4  or  5  years,  the  land 
may  soon  become  so  saturated  with  lime  that  a  fresh  addition  will  pro- 
duce no  sensible  effect.  Thus  Mr.  Campbell,  of  Craigie,  informs  me 
of  a  trial  made  by  an  intelligent  farmer  in  his  neighbourhood  where  al- 
ternate ridges  only  were  limed  without  any  sensible  difference  being  ob- 
served. So  result  could  show  more  clearly  than  this— that  for  one 
rotation  at  least  the  expense  of  lime  misht  be  saved,  while  at  the  same  time 
the  land  would  run  the  less  risk  of  exhaustion.  Another  fact  mentioneil 
by  Mr.  Campbell  proves  the  soundness  of  this  conclusion.  The  lime 
never  fails  to  produce  obvious  benefit  where  the  land  is  allowed  to  be  4 
or  5  years  in  grass— where  it  is  applied,  that  is,  only  once  in  8  or  9 
years.  The  fair  inference  is,  therefore,  that  in  this  district  as  well  as  in 
others  where  similar  effects  are  observed,  too  much  lime  is  habitually 
added  to  the  land,  whereby  not  only  is  a  needless  expense  incurred,  but 
a  speedier  exhaustion  of  the  soil  is  insured.  Good  husbandry,  therefore, 
indicates  either  the  application  of  a  smaller  dose  at  the  recurrence  of  the 
wheat  crop— or  the  occasional  omission  of  lime  aliogether  for  an  entire 
rotation.  The  practical  farmer  cannot  have  a  better  mode  of  ascertain- 
ing when  his  land  is  thus  fully  supplied  with  lime— than  by  making  the 
trial  upon  alternate  ridges,  and  marking  the  effect. 

6®.  On  poor  arable  lands,  which  are  not  naturally  so,  but  which  are 
worn  out  or  exhausted  by  repeated  limine  and  cropping,  lime  nroduces 
no  good  whateverf  (Anderson,  Brown,  Morton).  Such  soils,  ir  they  do 
not  already  abound  in  lime,  are,  at  least,  equally  destitute  of  numerous 
other  kinds  of  food,  organic  and  inorganic,  by  which  healthy  plants  are 
nourishedy-^and  they  are  only  to  be  restored  to  a  fertile  condition  by  a 

*  « I  never  met,"  be  eajt,  **  wtth  a  poor  toil  in  Ua  natunU  tiaUj  which  wu  not  benettted 
in  a  rtrj  greet  degree  hj  calcereottt  matter  when  admioitiered  lo  proper  quaniiiiec  Bui  I 
haTe  met  with  MTenJ  rich  soils,  which  are  AiUy  Impregnated  with  doog,  on  which  lime  ap* 
pUed  IB  anj  qaanitty  produced  not  the  smalleel  sensible  eflbct." 

t  •*  p  Is  scarcely  practicable  to  restore  ferUlity  to  land,  even  of  the  beetnatorsl  qnality,which 
SlffL^^iH*?  abused ;  and  thin  moorish  ■oils,  after  being  eahausted  bj  lime,  are  not  to  be 
leetoied. '  (Brown). 

uigmzeu  oy  x-jvy^/pi  i\^ 
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judicious  admixture  of  all.  This  truth  is  confirmed  by  the  practical  ob- 
servation, that  on  Qoils  so  exhausted  farm-yard  manure  along  with  the 
Ume  does  not  produce  the  same  good  results  as  in  other  cases.  AU 
that  the  soil  requires  is  not  supplied  in  sufficient  abundance  by  these 
two  substances  laid  on  alone. 

7^.  On  lands  of  this  kind,  and  on  all  in  which  vegetable  matter  is 
wanting,  lime  may  even  do  harm  to  the  immediate  crop.  It  is  apt  to 
singe  or  hum  the  corn  sown  upon  them  (Brown)— Hin  effect  which  is 
probably  chemical,  but  which  may  in  part  be  owing  to  its  rendering 
more  open  and  friable  soils  already  by  long  arable  culture  too  open  al- 
ready (Morton). 

8^.  A  consideration  of  the  circumstances  above  adverted  to  explains 
why,  in  some  districts,  and  even  in  some  whole  provinces,  the  use  ef 
lime  in  any  form  should  be  condemned  and  even  entirely  given  op. 
The  soil  has  been  impoverished  tlirough  its  unskilful  application^^r, 
by  large  admixtures  of  lima  or  marl  for  a  series  of  years,  the  soil  has 
been  so  changed  as  to  yield  no  adequate  return  for  new  additions.  Thus 
lor  a  generation  or  two  the  practices  of  liming  and  marling  are  abandon- 
ed, to  be  slowly  and  reluctantly  resumed  again,  when  natural  causes 
have  removed  the  lime  from  the  soil,  and  produced  an  accumulation  of 
those  other  substances  which,  when  associated  with  it,  contribute  to  the 
productiveness  of  the  land. 

§  17.  Effects  of  an  overdose  of  Ume, 

There  are  several  effects  which  are  familiar  to  the  practical  man  as 
more  or  less  observable  when  lime  in  any  form  is  laid  too  lavishly  npoa 
the  land.    Thus 

1^.  It  is  rendered  so  loose  by  an  overdose  as  to  be  capable  of  holding 
no  water  (Kames).  Upon  stitT  clays  a  very  large  quantity  indeed  wilt 
be  required  to  produce  this  effect. 

fi9.  By  an  overdose  of  quick-lime  the  land  is  hardened  to  such  a  de- 
gree as  to  be  impervious  to  water  or  to  the  roots  of  plants.  Several 
parts  of  the  Carse  of  Gowrie  are  thus  rendered  so  hard  as  to  be  unfit 
for  vegetation  (Kames).*  This  effect  will  be  observed  only  in  soils 
which  are  naturally  wet  and  undrained,  or  where  much  rain  has  fallen 
and  lingered  on  the  land  after  the  lime  has  been  applied  (p.  388). 

3®*  But  the  most  injurious  effect  of  an  over-liming,  whether  it  be  laid 
on  at  one  or  at  successive  periods,  is  the  exhaustion  by  which  it  is  suc- 
ceeded. «*  An  overdose  of  shell-marl,"  says  Lord  Kames,  *'  laid  per- 
haps an  inch  thick,  produces  for  a  time  large  crops,  but  at  last  renders 
the  soil  capable  of  bearing  neither  com  nor  grass,  of  which  there  are 
many  examples  in  Scotland.*'  The  same  is  true  of  lime  in  any  form. 
The  increased  fertility  continues  as  lon^  as  there  remains  an  adequate 
supply  of  organic  (animal  and  vegetable)  matter  in  the  soil,  but  as  that 
disappears  the  crops  every  year  diminish  both  in  quantity  and  in  quality. 

An  interesting  illustration  of  this  exhausting  power  of  lime  is  afforded 
by  the  observed  effects  of  long-continued  marling  upon  certain  poor  soils 
in  the  province  of  Isere,  in  France.  The  marl  there  employed  is  a 
sandy  marl,  containing  from  30  to  60  per  cent,  of  carbonate  of  lime- 
very  much  like  the  lime-sand  of  Ireland  or  the  shell-sand  of  the  West- 

*  Lord  Kaiaes'i  QtnUsman  Farmsr,  edit.  1802. 
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ern  Islands  already  described  (p.  371).  A  layer  of  this  marl  one-third 
of  ao  inch  thick,  applied  at  intervals  to  a  soil  producing  in  its  natural 
state  only  a  three-fold  return  of  rye  every  oiher  year,  causes  it  to  yield 
for  the  first  10  or  12  years  an  eighl-fold  return  of  tcheat.  But  after  40 
years*  marling,  the  farmers  now  complain  that  the  land  will  give  only  a 
four-fold  return  of  wheat.  But  the  cause  of  this  reduction  is  to  be  found 
in  the  constant  cropping  with  com,  in  the  growing  of  no  green  crops, 
and  in  the  addition  of  no  manure.  Yet  even  with  this  treatment  the 
lauA  is  still  more  productive  than  before  the  marling  was  commenced. 
It  produces  four  returns  instead  of  three,  and  it  grows  wheat  where  be- 
fore only  rye  would  thrive  and  ripen. 

From  the  possession  of  this  exhausting  property  has  arisen  the  almost 
universally  diffused  proverb,  that  lime  enriches  the  fathers  hut  impovcr* 
ishes  the  sons.  The  fault,  however,  is  not  in  the  lime,  but  in  the  improvi- 
dent fathers,  who  in  this  case,  as  in  so  many  others,  exhaust  and  incoo- 
siderately  squander  the  inheritance  of  their  sons.  If  care  be  taken  to 
keep  up  the  supply  of  organic  matter  in  the  soil— by  copious  additions 
of  manure  or  otherwise  (p.  380) — lime  may  be  added  freely  and  a  sys- 
tem of  high  farming  kept  up,  by  which  both  the  present  holder  of  the 
land  and  his  successor  will  be  equally  benefitted. 

The  opinion  expressed  by  some  of  the  highest  authorities  among 
practical  men,  that  too  much  lime  ecmnot  be  added,  provided  the  soil 
abound  sufficiently  in  vegetable  matter,  may  perhaps  be  rather  over- 
stated ;  but  it  undoubtedly  embodies  the  result  of  long-continued  general 
observation — that  die  exhausting  efiect  of  lime  may  bo  postponed  indefi- 
nitely by  a  liberal  management  of  the  land.* 

§  18.  Length  of  time  during  tchich  Ume  acts. 

It  is  the  fate  of  nearly  all  the  superficial  improvements  of  the  soil, 
that  they  are  only  temporary  in  their  duration.  The  action  of  lime 
ceases  after  a  time,  and  the  land  returns  to  its  original  condition.  The 
length  of  time  which  must  elapse  before  this  takes  place  will  depend, 
among  other  circumstances,  upon  the  quantity  of  lime  added  to,  or  orig- 
inally contained  in,  the  soil— upon  the  kind  of  cropping  to  which  it  is 
subjected— on  the  nature  of  the  soil  itself— on  the  slope  and  exposure  and 
natural  moisture  of  the  land,  and  on  the  climate  in  which  it  is  situated. 

We  have  seen  that  on  the  arable  lands  of  the  south  of  Scotland  20 
years  is  the  longest  period  during  which  the  doses  there  applied  act 
beneficially  upon  the  crops— while  in  other  parts  of  the  country  re- 
newed applications  are  considered  necessary  at  much  shorter  intervals. 
Mr.  Dawson,  of  Frogden,  who  introduced  the  practice  of  liming  into  the 
Border  counties  of  Scotland,  observed  that,  when  harrowed  in  with  the 
grass  seeds,  its  efiect  in  improving  the  subsequent  pasture  was  sensible 
for  30  years  after.  A  heavy  marling  or  chalking  in  the  Southern  and 
Midland  counties  of  England  is  said  also  to  last  for  30  years,f  and  the 
same  period  is  assigned  to  the  sensible  efiect  of  the  ordinary  doses  of 

'  In  Gemuny  the  neoMnry  union  ofiiuuiare  and  marl  is  In  the  month  of  wwj  peaeant— 

Ohne  mist 

1st  ias  Oeld  (Vlt  merveln  verqnist. 
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lime-Band  io  Ireland,  and  of  shell-sands  and  inarU  in  several  parts  of 
France. 

The  effect  of  the  lime  lessens  gradually,  and  thous:h  at  the  end  of  an 
assignable  number  of  years  it  becomes  almost  insensible,  yet  it  does  not 
altogether  cease  till  a  much  later  period.  This  period  is  in  some  cases 
an  protracted  that  intelligent  practical  men  are  m  many  districts  to  be 
met  with  who  believe — that  certain  grass  lands  would  never  forget  a 
good  dose  of  lime  (p.  391,  note). 

I  19.  Of  the  sinking  of  lime  into  the  sail. 

One  of  the  causes  of  this  gradual  diminution  of  the  action  of  lime  is  to 
be  found  in  the  nngular  property  it  possesses  of  slowly  sinking  into  the 
land,  until  it  almost  entirely  disappears  from  the  surface  soil.  It  has 
been  long  familiar  to  practical  men,  that  when  grass  lands,  which  have 
been  limed  on  the  sward,  are  afler  a  time  broken  up,  a  white  layer  or 
band  of  lime  is  seen  at  a  greater  or  less  depth  beneath  the  surface,  but 
lodging,  generally,  where  it  has  attained  its  greatest  depth,  between  the 
upper,  loose  and  fertile,  and  the  lower,  more  or  less  impervious  and  un- 
productive soil.  In  arable  lands  the  action  of  the  plough  counteracts 
this  tendency  in  some  measure,  bringing  up  the  lime  a^in  from  be- 
neath, and  keeping  it  mixed  with  the  surface  mould.  Yet,  through 
ploughed  land  it  sinks  at  length,  especially  where  the  ploughing  is  shal- 
low, and  even  the  industry  of  the  gardener  can  scarcely  prevent  it  from 
desoendins  beyond  the  reach  of  his  spade. 

The  chief  cause  of  this  sinking  is  to  be  fonnd  in  the  extreme  minute- 
ness of  the  particles  into  which  slaked  lime  naturally  falls.  If  a  por- 
tion of  slaked  lime  be  mixed  with  water  it  forms  a  milky  mixture,  in 
which  some  lime  is  dissolved,  but  much  more  is  held  in  suspension  in 
an  extremely  divided  state.  When  this  milk  is  allowed  to  stand  undis- 
turbed, the  noe  particles  subside  very  slowly,  and  are  easily  again  dis- 
turbed, but  if  thrown  upon  a  filler  they  are  arrested  immediately,  and 
the  lime-water  passes  through  clear.  Suppose  these  fine  particles  to  be 
mixed  with  the  soil,  and  the  rain  to  fall  upon  them,  it  will  carry 
them  downwards  through  the  pores  of  the  soil  till  the  close  subsoil  acts 
the  part  of  a  filter,  and  arrests  them.  This  tendency  to  be  washed 
down  is  common  not  only  to  lime  but  to  all  minutely  divided  earthy 
matter  of  a  sufficiently  incoherent  nature.  Hence  the  formation  of  that 
more  or  less  impervious  layer  of  finely  divided  matter  which  so  often 
forms  the  subsoil  beneath  free  and  open  surface  soils.  And  that  lime 
afiould  appear  alone  or  chiefly  to  sink  on  any  cultivated  field,  may  arise 
from  this  circumstance — that  the  continued  action  of  the  rains  had  long 
before  carried  downwards  the  finer  incoherent  particles  of  other  kincw 
which  existed  naturally  in  the  soil,  and  therefore  could  find  little  else 
but  the  lime  on  which  this  action  could  be  exercised. 

This  explanation  is  satisfactory  enough  in  the  case  of  light  and  open 
aoils,  which  are  full  of  pores,  but  it  appears  less  so  in  regard  to  stiff* 
clays  and  to  loamy  soils,  which  are  not  only  close  and  apparently  vdd 
of  pores,  but  seem  themselves  to  consist  of  particles  in  a  sufficiently 
minute  state  of  division  to  admit  of  their  being  carried  down  by  the 
rains  in  an  equal  degree  with  lime  itself.  This  difficulty  induced  Lord 
Dnndonaid  to  suspect  the  agency  of  some  chjMnical^rin^l^in  produ- 
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cing  the  above  efiect.*  As  the  lime,  however,  is  unchanged  after  it  has 
descended,  is  still  in  a  powdery  slate,  and  exhibits  no  appearance  of 
having  been  dissolved,  it  is  difficult  to  imagine  aoy  chemical  action  by 
which  such  a  sinking  ooald  have  been  brought  about. 

It  is  possible  that  in  grass  lands  the  earth-worms,  which  contribute  so 
much  to  the  gradual  production  of  a  fine  mould,  may,  by  bringing  up 
the  other  earthy  matters  only,  contribute  to  the  apparent  sinking  of  the 
lime,  as  well  as  of  certain  other  top-dressings. f 

The  effects  of  this  sinking  are  to  remove  the  lime  from  the  surface 
soil,  and  to  form  a  layer  of  calcareous  matter  which  in  wet  or  imper- 
vious bcttoms  will  harden  and  form  a  more  or  less  solid  bed  or  pan^ 
through  which  the  rains  and  roots  refuse  to  penetrate,  and  which  the 
subsoil  plough  in  some  districts  can  tear  up  with  difficulty.  On  our 
stifier  soils  it  encourages  the  growth  of  the  troublesome  coltsfoot,  and  in 
the  open  ditches  of  the  wholesome  water-cress. 

The  practical  remedies  for  this  sinking  are  of  two  kinds : 

1°.  The  plouffhin^  of  a  deeper  furrow,  and  hence  one  of  the  benefits 
which  in  many  localities  follow  the  use  of  the  trench  plough  (p.  322). 

2°.  The  sowing  of  deep-rooted  and  lime-loving  crops,  such  as  lucerne 
and  sainfoin,  which  in  such  soils  not  only  thrive,  but  bring  up  in  their 
stems,  and  restore  to  the  surface,  a  portion  of  the  lime  which  had  pre- 
viously descended,  and  thus  make  it  available  to  the  after-crops. 

§  20.  Why  liming  must  be  repealed* 

Lime  which  sinks,  as  above  described,  does  not  wholly  escape  from 
the  soil,  but  may  by  judicious  management  be  again  brought  to  t^ 
surface.  Such  a  siukinf;,  therefore,  does  not  necessarily  call  for  the  ad-> 
dition  of  a  fresh  dose  of  lime,  nor  does  it  explain  the  reason  why  in  prac- 
tice the  application  of  lime  to  the  land  must  at  certain  intervals  be  every 
where  repeated. 

We  have  already  seen  that  the  influence  of  the  lime  we  have  laid 
upon  our  fields  after  a  time  gradually  diminishes— the  ffrass  becomes 
sensibly  less  rich  year  by  year,  the  crops  of  corn  less  abundant,  the  kind 
of  grain  it  will  ripen  less  valuable.  Does  the  lime,  you  might  ask,  ac- 
tually disappear  from  the  soil,  or  does  it  merely  cease  to  act  ?  This 
question  has  been  n^ost  distinctly  answered  by  an  experiment  of  Lam- 
padius.  He  mingled  lime  with  the  soil  of  a  piece  of  ground  till  it  was 
in  the  proportion  of  1-19  per  cent,  of  the  whole,  and  he  determined  sub- 
sequently, by  analysis,  the  quantity  of  lime  it  contained  in  each  of  the 
three  succeeding  ^ears. 

The  first  year  it  contained    .    1*19  per  cent  carbonate  of  lime« 
The  second  year     .     .    •     .    0-89      •'  " 

The  third  year 0-62      ••  •• 

The  fourth  year     ....    0-24      "  "  % 

There  can  be  no  question,  therefore,  that  the  lime  gradually  disappears 
or  is  removed  from  the  soil. 


menu  of  AgrieultMraL  Chamittry,  p.  212. 
%  SchUbler,  AgriaOtmal  Ckemig,  iL,  p.  141.  ^  , 
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The  agencies  by  which  this  lemoral  is  efl^ed  are  of  seyeral  kinds. 

1^.  In  some  cases  it  sinks,  as  we  have  already  seen,  and  escapes  in|o 
the  subsoil  beyond  the  reach  of  the  pkmgh  or  of  the  roots  of  our  culd- 
vated  crops. 

2^.  A  considerable  quantity  of  lime  is  annually  removed  from  the 
soil  by  the  crops  which  are  reaped  from  it.  We  have  already  seen 
(Lee.  X.,  §  4,)  that  in  a  four  years'  rotation  of  alternate  green  and  com 
crops  the  quantity  of  lime  contained  in  the  average  produce  of  good 
land  amoonte  to  248  lbs.  This  is  equal  to  60  lb£  of  quick-lime  or 
107  lbs.  of  carbonate  of  lime  every  year.  The  whole  of  thist  however, 
is  not  usually  lost  to  the  land.  Part  at  least  is  restored  to  it  in  the  ma- 
nure into  which  a  large  proportion  of  the  produce  is  usuall]^  converted. 
Yet  a  considerable  quantity  is^  always  lost— escaping  chiefly  iu  the 
liquid  manure  and  in  the  drainlngs  of  the  dung-heaps— and  thb  loss 
must  be  repaired  by  the  renewed  addition  of  lime  to  tne  land. 

3°.  But  the  rains  and  natural  springs  of  water  percolating  through  the 
soil  remove,  in  general,  a  still  greater  proportion.  While  m  the  quick 
or  caustic  state,  lime  is  soluble  in  pure  water.  Seven  hundred  and  fifty 
pounds  of  water  will  dissolve  about  one  pound  of  lime.  The  rains  that 
fall,  therefore,  cannot  fail,  as  they  sink  through  the  soil,  to  dissolve  and 
carry  away  a  portion  of  the  lime  so  lon^  as  it  remains  in  the  caustic  state. 

Again,  quick-lime,  when  mixed  with  the  soil,  speedily  attracts  car- 
bonic acid,  and  becomes,  after  a  time,  converted  into  carbonate,  which 
is  nearly  insoluble  in  pure  water.  But  this  carbonate,  as  we  have 
already  seen  (Lee.  IIL,  §  1)«  is  soluble  in  water  impregnated  with  car- 
bonic acid— and  as  the  drops  of  rain  in  falling  absorb  this  acid  from  the 
air,  they  become  capable,  when  they  reach  the  scnl,  of  dissolving  an 
appreciable  quantity  of  the  finely  divided  carbonate  which  they  meet 
with  upon  our  cultivated  lands.  Hence  the  water  that  flows  from 
the  drains  upon  such  lands  is  always  impregnated  with  lime,  and 
sometimes  to  sor  great  a  degree  as  to  form  calcareous  deposits  in  the  inte- 
rior of  the  drains  themselves,  where  the  fall  is  so  jzentle  as  to  allow  the 
water  to  linger  a  sufiOicient  length  of  time  in  the  sou. 

It  is  impossible  to  estimate  the  quantity  of  lime  which  this  dissolving 
action  of  the  rains  most  gradually  remove.  It  will  vary  with  the  amount 
of  rain  which  falls  in  each  locality,  and  with  the  slope  or  inclination  of 
the  land  ;  but  the  cause  is  at  once  universal  and  constantly  operating, 
and  would  alone,  therefore,  render  necessary,  after  the  lapse  of  years,  the 
applicatkm  of  new  doses  of  lime  both  to  our  pastures  and  to  our  arable 
fields. 

4<'.  Daring  the  decay  of  vegetable  matter,  and  the  decomposition  of 
mineral  compounds,  which  take  place  in  the  soil  where  lime  is  present* 
new  combinations  are  formed  in  variable  quantities  which  are  more  solu- 
ble than  the  carbonate,  and  which  therefore  hasten  and  facilitate  this 
washing  out  of  the  lime  by  the  action  of  the  rains.  Thus  chloride  of 
calcium,  nitrate  of  lime,  and  gypsum,  are  all  produced— of  which  the 
two  former  are  eminently  soluble  in  water— while  organic  acids  also  re- 
snlt  from  the  decay  of  the  organic  matter,  with  some  of  which  the  lime 
forms  readily  soluble  compounds  (salts)  easily  removed  by  water. 

The  ultimate  resolution  of  all  vegetable  matter  in  the  soil  into  carbonic 
acid  and  water  (Lee.  VIIL,  §  3,)  likewise  aids  the  removal  of  the  lime. 
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For  if  tbo  ml  be  erery  where  impv^gaated  with  carbooie  acid,  the 
rain  and  spring  waten  that  flow  throng  it  will  aleo  become  charged 
with  this  gas,  and  thos  be  enabled  to  OMBdre  a  Iv^sr  portion  of  the 
carbonate  of  lime  than  they  could  otherwise  do.  Thus  theory  indi- 
cates, what  I  belieye  eiperience  confirms«  that  a  given  quantity  of  lime 
will  disappear  the  sooner  from  a  field,  the  more  abundant  the  ammal  and 
vegetable  matter  it  contains. 

§  21.  Tkeory  of  A«  aeiion  of  lime. 

Lime  acts  in  two  ways  upon  the  sml.  It  produces  a  meehanieal  alte- 
ration which  is  simple  and  easily  understood,  and  is  the  cause  of  a 
series  of  chemical  changes,  which  are  really  obscure,  and  are  as  yet 
susceptible  of  only  parual  explanation. 

In  the  finely  divided  state  of  quick-lime,  of  slaked  lime,  or  'of  soft 
and  crumbling  chalk,  it  stifTeos  very  loose  soils,  and  opens  the  stififer 
clays,— while  m  the  form  of  limestone  sravel  or  of  shell  sand,  it  may 
be  employed  either  for  opening  a  clay  sou  or  'for  civinp;  body  and  firm- 
ness to  boggy  land.  These  elects,  and  their  ezpDmation,  are  so  obviooi 
to  you,  that  it  is  unnecessary  to  dwell  upon  them. 

The  purposes  served  by  lime  as  a  chemical  constituent  of  the  soil  are 
at  least  of  four  distinct  kinds. 

1°.  It  snpplies  a  kind  of  inorganic  food  which  appears  to  be  necessary 
to  the  healthy  growth  of  all  our  cultivated  plants. 

2^.  It  neutralizes  acid  substances  which  are  naturally  formed  in  the 
soil,  and  decomposes  or  renders  harmlessother  noxious  compounds  which 
are  not  unfrequently  within  reach  of  the  roots  of  plants. 

3^.  It  changes  the  inert  vegetable  matter  in  the  soil,  so  as  gradually 
to  rander  it  useful  to  vegetation. 

4°.  It  causes,  facilitates,  or  enables  other  useful  compounds,  both  or- 
ganic and  inorsanic,  to  be  produced  in  the  scnl,— or  so  promotes  the  de- 
composition of  existing  compounds  as  to  prepare  theni  more  speedily 
for  entering  into  the  circulation  of  plants. 

These  several  modes  of  action  it  will  be  necessary  to  illustrate  in 
some  detail. 

§22.  Of  Umeoilhe  food  of  plants. 

In  considering  the  chemical  nature  of  the  ash  of  plants  ^Lec.  X.,  §  3 
and  4),  we  have  seen  that  lime  in  all  cases  forms  a  considerable  pro- 
portion of  its  whole  weight.  Hence  the  reason  why  lime  is  regarded  as 
a  necessary  food  of  plants,  and  hence  sJso  one  cause  of  its  beneficial  in- 
fluence in  general  agricultural  practice* 

.  The  quantity  of  pore  lime  contained  in  the  crops  produced  upon  one 
acre  during  a  four  years*  rotation  amounts,  on  an  average,  to  242  lbs. 
which  are  equal  to  about  430  lbs.  (say  4  cwu)  of  carbonate  of  lime,  in 
the  state  of  marl,  shell-sand,  or  lime-stone  gravel.  (See  Lee.  X.,  §  3.) 
It  is  obvious,  therefore,  that  one  of  the  most  intelligible  purposes  served 
by  lime,  as  a  chemical  constituent  of  the  soil,  is  to  supply  this  compara- 
tively large  quantity  of  lime,  which  in  some  form  or  other  must  enter 
into  the  roots  of  plants. 
.    But  the  diflerent  crops  which  we  grow  contain  lime  in  unlike  propor- 
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tioDs.    Tims  the  average  prodace  of  an  acre  of  land  under  the  follow- 
ing crops  contains  of  lime— 

Gnlo  or  roots.       Straw  or  tops.  TduL 

Wheat,  S5  bushels,  ...    1*5  7*2  8-7  lbs. 


9-1  12-9  15    lbs. 

2-5  5-7  8-2  lbs. 

45-8  93-0  138-8  lbs. 

6-6  259-4  266  0  lbs. 

—  126-0  1260  lbs. 

—  330  330  lbs. 


Barley,  38  bushels, 
OaU,  50  bushels, . 
Turnips,  25  tons, 
Potatoes,  9  tons,  . 
Red  cloTer,  2  tons. 
Rye  grass,  2  tons. 

These  qaantities  are  not  constant,  and  wheat  especially  contains  much 
more  lime  than  is  above  stated,  when  it  is  grown  upon  land  to  which 
lime  has  been  copiously  applied.  But  the  very  difierent  quantities  con- 
tained in  the  several  crops,  as  above  exhibited,  shew  that  one  reason  why 
lime  favours  the  growth  of  same  crops  more  than  others  is,  that  some  actu- 
ally take  up  a  larger  quantity  of  lime  as  food.  These  crops,  therefore, 
require  the  presence  of  lime  in  greater  proportion  in  the  soil,  in  order 
that  they  may  be  able  to  obtain  it  so  readily  that  no  delay  may  occur  in 
the  performance  of  those  functions  or  in  the  growth  of  those  parts  to  which 
lime  is  indispensable. 

§  23.  The  chemical  action  of  lime  is  exerted  chixflt  upon  the  organic 
matter  of  the  soil. 

There  are  ibnr  circumstances  of  great  practical  importance  in  regard 
to  the  action  of  lime,  which  cannot  be  too  carefully  considered  in  refe- 
rence also  to  the  theory  of  its  operation.    These  are<-^ 

1°.  That  lime  has  Uttle  or  no  effect  upon  soils  in  which  orgaoic  mat- 
ter is  deficient. 

2°.  That  its  apparent  effect  is  inconsiderable  during  the  first  year 
af\er  its  application,  compared  with  that  which  it  produces  in  the  second 
and  third  years. 

3°.  That  its  effect  is  roost  sensible  when  it  is  kept  near  the  sarface  of 
the  soil,  and  gradually  becomes  less  as  it  sinks  towards  the  subsoil. 
And, 

4^.  That  under  the  influence  of  lime  the  organic  matter  of  the  soil 
disappears  more  rapidly  tban  it  otherwise  would  do,  and  that  after  it 
has  thus  disappeared  fresh  additions  of  lime  produce  no  further  good 
effect. 

It  is  obvious  from  these  facts,  that  in  general  the  main  beneficial  pur- 
pose served  by  lime  is  to  be  sought  for  in  the  nature  of  its  chemical  ac- 
tion upon  the  organic  matter  of  the  soil — ^an  action  which  takes  place 
slowly,  which  is  hastened  by  the  access  of  air,  and  which  causes  the 
orgamc  matter  itself  ultimately  to  disappear. 

§  24.  Q/*  the  forms  in  which  organic  matter  usually  exists  in  the  soU^  and 
the  circumstances  under  umch  its  decomposition  may  take  place, 

I.— The  organic  matter  which  lime  thus  causes  to  disappear  is  pre- 
sented to  it  in  one  or  other  of  five  different  forms : 

l^.  In  that  of  recent,  oflen  green,  moist,  and  nndecomposed  roots, 
leaves,  and  stems  of  plants. 
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2^.  In  that  of  diy,  and  atill  undecomposed,  vegetable  matter,  suck 
as  straw. 

3^.  In  a  more  or  less  decayed  or  decaying  state,  generally  black  or 
brown  in  colour— and  often  in  some  degree  soluble  in  water. 

4^.  In  what  Is  called  the  inert  state,  when  spontaneous  decay  ceasea 
to  be  sensibly  observed.    And 

5^.  In  the  suie  of  chemical  combination  with  the  earthy  substances 
*-with  the  alumina  for  example,  and  with  the  lime  or  magnesia — al- 
ready existing  in  the  soil. 

Upon  these  several  varieties  of  organic  matter  lime  acts  with  differ- 
ent degrees  of  rapidity. 

II.-— The  final  result  of  the  decomposition  of  these  several  forms  of 
organic  malteri  when  they  contain  no  nitrogen,  is  their  conversion  into 
carbonic  acid  and  water  only  (Lee.  VIII.,  §  3).  They  pass,  however, 
through  several  intermediate  stages  before  they  reach  this  point— the 
number  and  rapidity  of  which,  and  the  kind  of  changes  they  undergo 
at  each  stage,  depend  upon  the  circnmstances  under  which  the  decum- 
pesition  is  effected.    Thus  the  substance  may  decompose-— 

1°.  Alone,  in  which  case  the  changes  that  occur  proceed  slowly,  and 
arise  solely  from  a  new  arrangement  of  its  own  particles.  This  kind  of 
decomposition  rarely  occurs  to  any  extent  in  the  soil. 

2^.  In  the  presence  of  water  only. — This  also  seldom  takes  place  in 
the  soil.  Trees  loutt  buried  in  moist  clays  impervious  to  air,  exoibit  the 
kind  of  slow  alteration  which  results  from  the  presence  of  water  alone. 
In  the  bottoms  of  lakes,  ditches,  and  bo^^r  places  also,  from  which  in- 
flammable gases  arise,  water  is  the  principal  cause  of  the  mora  rapid 
decomposition.  % 

3°.  In  the  presence  of  air  onZy.— In  nature  organic  matter  is  never 
placed  in  this  condition,  the  air  of  our  atmosphere  being  always  largely 
mixed  with  moisture.  In  dry  air  decomposition  is  exceedingly  slow, 
aud  the  changes  which  dry  organic  substances  undergo  in  it  are  ofien 
scarcely  perceptible. 

40.  In  the  presence  of  loth  water  and  air.— This  is  the  almost  uni- 
versal condition  of  the  organic  matter  in  our  fields  and  farm-yards.  The 
joint  action  of  air  and  water,  and  the  tendency  of  the  elements  of  the  or- 
ganic matter  to  enter  into  new  combini^ions,  cause  new  chemical 
changes  to  succeed  each  other  with  much  rapidity.  It  will  of  course 
be  understood  that  moderate  warmth  is  necessary  to  the  production  of 
these  effects.* 

5°.  In  the  presence  of  Ume,  or  of  some  other  alkaline  substance  (pot- 
ash, soda,  or  magnesia).— Organic  matter  is  often  found  in  the  soil  in 
such  a  state  that  the  conjoined  action  of  both  air  and  water  are  unable 
to  hasten  on  its  decompontion.    A  new  chemical  agency  must  then  be 

*  A  IkmlUtf  lUiMtnlkNi  of  the  eonjolried  effieftc/  of  air  and  water  In  prodneing  ozidalton  in 
exhibited  In  their  action  upon  Iron.  If  a  piece  01  polished  iron  he  kept  In  pedectly  dry  air 
h  will  not  ruat  Or  If  It  be  eompletely  covered  over  with  pure  water  in  a  well-aloppered 
bottle,  from  which  air  la  ezclnded,  it  will  remain  bright  and  ontamlahed.  But  if  a  pollahed 
rod  01  Iron  be  pot  into  an  open  veaael  half  full  of  water,  ao  thai  one  part  of  iis  length  only  i« 
ander  watei^-4hen  the  rod  will  bealo  Tery  Boon  to  met  at  the  ■urface  of  the  water,  and  a 
brown  ochrey  ring  of  oxide  will  form  aroond  it,  ezacUy  where  the  air  and  water  meet. 
From  this  point  the  rust  will  gradually  apread  upwards  and  downwards.  So  It  is  with  the 
organic  matter  of  the  soil.  Whererer  the  air  and  water  meet,  their  decomposing  actloa 
upon  it,  la  ordinary  tempenturea,  noon  becomea  perceptible. 
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introduced*  by  which  the  elemoDts  of  the  orfsaoic  matter  may  again  he 
set  in  motion.  Lime  is  the  agent  which  for  this  purpose  is  moetlargely 
employed  in  practical  agriculture. 

§  25.  Oenend  action  of  alkaline  tubstances  tiptm  organic  matter. 

It  is  this  action  of  alkaline  matters  upon  the  organic  substances  of  the 
soil  in  the  presence  of  air  and  water  that  we  are  principally  to  investigate. 

When  organic  matter  undergoes  decay  in  the  presence  of  air  and 
water  only,  it  first  rots,  as  it  is  called,  and  blackens,  giving  oflf  water  or 
its  elements  chiefly,  and  forming  humus — a  mixture  of  humic,  ulmic, 
and  some  oilier  acids  (Lee.  Xllf.,  §  1,)  with  decaying  vegetable  fibre. 
It  then  commences,  at  the  expense  of  the  oxygen  of  (he  air  and  of  water, 
to  form  other  more  soluble  acids  (malic,  acetic,  lactic,  crenic,  mudesic, 
&c.),  among  which  is  a  portion  of  carbonic — ^and,  by  the  aid  of  the  hy- 
drogen of  the  water  which  it  decomposes,  one  or  more  of  the  many 
compounds  of  carbon  and  hydrogen,  which  often  rise  up,  as  the  marsh- 
gas  does,  and  escape  into  the  air  (Lee.  VIII.,  §  3). 

Thus  tfaeite  is  a  teodeocy  towards  the  accumulation  of  acidsubstaiiees 
of  veeeiable  origin  in  the  soil,  and  this  is  more  especially  the  case  when 
the  soil  is  moist,  aad  where  moch  vegetable  matter  abounds.  The  efiect 
of  this  saper-abaodance  of  acid  matter  is,  on  the  one  hand,  to  arrest  the 
further  natural  decay  of  the  organic  matter,  and,  on  the  other,  to  render 
the  soil  unfaToorable  to  the  healthy  growth  of  young  or  tender  plants. 

The  general  efiect  of  the  presence  of  alkaline  substances  in  the  soil 
is  to  counteract  these  two  evils.  They  combine  with  and  thus  remove 
the  sourness  of  the  acid  bodies  as  they  are  formed.  In  consequence  of 
this  the  soil  becomes  noeeter  or  more  propitious  to  vegetation,  while  the 
natural  tendency  of  the  vegetable  matter  to  decay  is  no  longer  arrested. 

It  is  thus  clear  that  an  immediate  ^pood  effect  upon  the  land  must  fel- 
low either  from  the  artificial  application  or  from  tne  natural  presence  of 
alkaline  matter  in  the  soil— while  at  the  iame  time  it  will  cause  the 
vegetable  matter  to  disappear  more  rapidly  than  would  otherwise  be  the 
ease.  But  the  effect  of  such  substances  does  not  end  here.  They  actu- 
ally dispose  or  provoke^^pre-dispoM^  chemists  call  it — the  vegetable 
matter  to  continue  forming  acid  substances,  in  order  that  they  may  com* 
bine  with  them,  and  thus  cause  the  organic  matters  to  disappear  mom 
rapidly  than  they  otherwise  would  do— 4n  other  words,  they  hasten  for- 
ward the  exhaustion  of  the  vegetable  matter  of  the  soil. 

Such  is  the  general  action  of  all  alkaline  substances.  This  action 
they  exhibit  even  in  close  vessels.  Thus  a  solution  of  grape  sngar,  mixed 
with  potash,  and  left  in  a  warm  place,  slowly  forms  m^to^ne  aci<i— while 
in  cold  lime-water  the  same  sugar  is  gradually  converted  into  another 
acid  called  the^ifcic.  But  in  the  air  other  acids  are  formed  in  the  same 
mixtorefl^  and  the  ohaoces  proceed  more  rapidly*  Such  is  th^  case  also 
in  the  sdil,  where  the  elsments  of  the  air  and  6t  water  are  generally  at 
hand  to  favonrthe  deeompoeltioo. 

Bat  the  naittre  of  the  alkalfase  matter  whidh  is  pi««cint  determiflps 

also  the  rapidity  with  which  such  changes  are  pnxiuced.    The  most 

powerful  alkaline  substances— potash  and  soda— produce  all  the  above 

effects  most  quickly ;  lime  and  magnesia  are  next  in  order ;  and  the  alu« 

34» 
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iDina  of  the  clay  acnis,  though  much  inferior  to  aU  of  these,  is  far  from 
helng  without  ao  important  influence. 

Hence  one  of  the  benefits  which  result  from  the  use  of  wood-ashes 
containins  carbonate  of  potash,  when  employed  in  small  quantities,  and 
along  with  vegetable  and  animal  manures,  as  they  are  in  this  country; 
but  hence  also  the  evil  eflects  which  are  found  to  follow  from  the  appli- 
cation of  them  in  too  large  doses.  Thus  in  countries  where  wood 
abounds,  and  where  it  is  usual,  as  in  Sweden  and  Northern  Russia, 
to  burn  the  forests  and  to  lay  on  their  ashes  as  manure,  the  tillage  can 
be  continued  for  a  few  years  only.  After  one  or  two  crops  the  land  is 
exhausted,  and  must  again  be  leii  to  its  natural  produce. 

§  26.  Special  effects  of  caustic  lime  upon  Ou  several  varieties  of 
organic  matter  in  the  soil. 

The  effects  of  lime  upon  organic  matter  are  precisely  the  same  in 
kind  as  those  of  the  alkalies  in  general.  They  are  only  less  in  degree, 
or  take  place  more  slowly,  than  when  soda  or  potash  is  employed. 
Hence,  the  greater  adaptation  of  lime  to  the  purposes  of  practical  agri- 
culture. 

1°.  Action  of  eaustU  Um£  aUme  upon  vegetahU  9fiatfer.^If  the  fresh 
leaves  and  twigs  of  plants,  or  blades  and  roots  of  grass,  be  introduced 
into  a  bottle,  surrounded  with  slaked  lime,  and  corked,  they  will  slow- 
ly undergo  a  certain  change  of  colour,  but  they  may  be  preswved,  it  is 
said,  for  years,  without  exhibiting  any  striking  change  of  texture  (Mr. 
Garden).  If  dry  straw  be  so  mixed  with  slaked  lime,  it  will  exhibit 
still  less  alteration.  In  either  case  also  the  changes  will  be  even  less 
perceptible,  if,  instead  of  hydrate  of  lime,  thecorMfiate  (or  mild  lime), 
in  any  of  its  forms,  be  mixed  witji  these  varieties  of  vegetable  matter. 
On  some  other  varieties  of  vegetable  matter,— such,  for  example,  as  are 
undergoing;  rapid  decay,  or  have  already  reached  an  advanced  stage  of 
decomposition,— an  admixture  of  slaked  lime  produces  certain  percepti- 
ble changes  immediately,  and  mild  lime  more  slowly,  but  these  changes 
being  completed,  the  tendency  of  lime  alone  is  to  arrest  rather  than  to 
promote  further  rapid  alterations.  Hence,  the  following  opinions  of 
experienced  practical  observers  must  be  admitted  to  be  theoretically 
correct— -in  so  far  as  they  refer  to  the  action  of  lime  alone* 

**  If  straw  of  long  dung  be  mixed  with  slaked  lime  it  will  be  pre- 
served" (Morton).* 

«*  Lime  mixed  in  a  mass  of  earth  containing  the  live  roots  and  seeds 
of  plants  will  not  destroy  them"  (Morton)* 

*'  Sir  H.  Davy's  theory,  that  lime  dissolves  vegetable  matter,  is  g^ven 
up ;  in  fact,  it  hardens  vegetable  matter"  (Mr.  Pu6ey).f 

These  opinions,  I  have  said,  are  probably  correct  in  so  far  as  regards 
the  unaided  action  of  lime.  They  even  express,  with  an  approach  to 
accaracy,  what  will  take  place  in  the  interior  cf  ccnnpoat  heaps  of  a 
certain  kind,  or  in  some  diy  soils ;  but  that  they  cannot  apply  to  the  ordi- 
nary action  of  lime  upon  the  soil  is  proved  by  tne  other  result  of  univerBal 
observation,  that  lime,  so  far  from  preserving  the  organic  matter  of  the 

*  Oil  fiioib,  3rd  ediUon,  p.  181. 
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Lmdtotohiuh  it  is  (q^pUcdt  in  realihf  wastes  i^— causes,  that  is,  or  dis- 
poses it  to  disappear. 

2°.  Action  ^caustic  lime  an  arganie  matter  in  the  presence  of  air  and 
fcaUsr. — Id  the  presence  of  air  and  water,  when  assisted  by  a  favouring 
temperature,  vegetable  matter,  as  we  have  already  seen,  undergoes 
spontaneous  decomposition.  In  the  same  circumstances  lime  promotes 
and  sensibly  hastens  this  decomposition, — altering  the  forms  or  stages 
through  which  the  organic  matter  must  pass — but  bringing  about  more 
speedily  the  final  conversion  into  carbonic  acid  and  water.  During  its 
natural  decay  jn  a  moist  and  open  soil,  organic  matter  gives  ofi'a  por- 
tion of  carbonic  acid  gas  which  escapes,  and  forms  certain  other  acids 
which  remain  in  the  dark  mould  of  the  soil  itself.  When  quick  or 
slaked  lime  is  added  to  the  land,  its  first  effect  is  to  combine  with  these 
acids — to  form  carbonate,  humate,  ^.,  of  lime— till  the  whole  of  the 
acid  matter  existing  at  the  time  is  taken  up.  That  portion  of  the  Hme 
which  remains  uncombined,  either  slowly  absorbs  carbonic  acid  from 
the  air  or  unites  with  the  carbonate  already  formed,  to  produoe  the 
known  compound  of  hydrate  with  carbonate  of  lime*— waiting  in  this 
state  in  the  soil  till  some  fresh  portions  of  acid  matter  are  formed  with 
which  it  may  combine.  But  it  does  not  inactively  wait;  it  persuades 
and  influences  the  organic  matter  to  combine  with  the  oxygen  of  the  air 
and  water  with  which  it  is  surrounded,  for  the  production  of  such  acid 
substances— till  finally  the  whole  of  the  lime  becomes  combined  either 
with  carbonic  or  with  some  other  acid  of  organic  origin. 

Nor  at  this  stage  are  the  action  and  influence  of  lime  observed  to 
cease.  On  the  contrary,  this  result  will,  in  most  soils,  be  arrived  at  in 
the  couree  of  one  or  two  years,  while  the  beneficial  action  of  the  lime 
itself  may  be  perceptible  for  20  or  30  years.  Hence  there  is  much  ap- 
parent ground  for  the  opinion  of  Lord  Kames,  **  that  lime  is  as  efllica- 
cious  in  its  (so  called)  effete  as  in  its  caustic  state.*'  Even  the  more 
strongly  expressed  opinion  of  the  same  acute  observer,  «*  that  lime  pro- 
duces little  effect  upon  vegetables  till  it  becomes  effete" — derives  much 
support  from  experience— since  lime  is  known  to  have  comparatively 
little  effect  upon  the  productiveness  of  the  land  till  one  or  two  years 
after  its  application ;  and  tliis  period,  as  I  have  said,  is  in  most  localities 
su  fluent  to  deprive  even  slaked  lime  of  all  its  caustic  properties. 

Of  the  saline  compoundsf  which  caustic  lime  thus  forms,  either  im- 
mediately or  ultimately,  some,  like  the  carbonate  and  humate,  being 
very  sparingly  soluble  in  water,  remain  more  or  less  permanently  in  the 
soil ;  others,  hke  the  acetate  of  lime,  being  readily  soluble,  are  either 
washed  out  by  the  rains  or  are  sucked  up  by  the  roots  of  the  growing 
plants.  In  the  former  case  they  cause  the  removal  of  both  organic 
matter  and  of  Ume  from  the  land  ;  in  the  latter  they  supply  the  plant 
with  a  portion  of  organic  food,  and  at  the  same  time  with  lime— with- 
out which,  as  we  have  frequently  before  remarked,  plants  cannot  be 
maintained  io  their  most  beidthy  condition. 

*  That  compoaDd,iiame^,  which  Is  produced  when  qolck-Ume  dakei  apontuieoaalx  In 
the  sir.— flee  pace  aea 

t  Saline  eovpounda  or  lalta  are  always  formed  when  lime,  masneaia,  potaah,  soda,  Ac., 
eomMne  with  acUla. 
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§  27.  Action  of  mild  {or  ecarbonaU  of)  lime  i^on  the  tegeiahU  nuUUr 

of  the  soil. 

The  main  utility  of  Hme,  therefore,  depends  upon  iiB  prolonged  ajler-^ 
action  npon  the  vegetable  matter  of  the  soil.  What  is  this  action,  and 
in  what  consist  the  benefits  to  which  it  gives  rise  ? 

In  answering  this  question,  it  18  of  importance  to  observe  that  all  the 
effects  produced  by  alkaline  matter  in  generals—whether  by  lime  or  by 
potash — ^in  tfie  caustic  state,  are  product  in  kind  also  by  the  same  sub- 
stances in  the  state  of  carbonate.  The  carbonic  acid  with  which  they 
are  united  i8  retained  by  a  comparatively  feeble  affinity,  and  is  dis- 
placed whh  greater  or  less  ease  by  almost  every  other  acid  compound 
which  is  produced  in  the  soil.  With  this  displacement  is  connected  an 
interesting  series  of  beautiful  reactions,  which  it  is  of  consequence  to 
underslaira. 

You  will  recollect  that  the  great  end  which  nature,  so  to  speak,  has 
in  view,  in  all  the  changes  to  which  she  subjects  organic  matter  in  the 
soil,  4s  to  convert  it— with  the  exception  of  its  nitrogen— into  carbonic 
acid  and  water.  For  this  purpose  it  combines,  at  one  time,  with  the 
oxygen  of  the  air,  while  at  another  it  decomposes  water  and  unites  with 
the  oxygen  or  the  hydrogen  which  are  liberated,  or  with  both  to  form 
new  chemical  combinations.  Each  of  these  new  combinations  is  either 
immediately  preliminary  to  or  is  attended  by  the  conversion  of  a  por- 
tion of  the  elements  of  the  or|;anic  matter  into  one  or  other  of  those 
simpler  forms  of  matter  on  which  plants  live.  Now  during  these  pre- 
liminary or  preparatory  steps,  acid  substances,  as  I  have  already  ex- 
plained, are  among  others  constantly  produced.  With  these  acids,  the 
carbonate  of  lime,  when  present  in  tne  soil,  is  ever  ready  to  combine. 
But  in  so  combining,  it  gives  off  the  carbonic  acid  with  which  it  is  al- 
ready united,  and  thus  a  continual,  slow  evolution  of  carbonic  acid  is 
kept  up  as  long  as  any  undecompoeed  carbonate  remains  in  the  soil. 

I  do  not  attempt  to  specify  by  name  the  various  acid  substances  which 
are  thus  formed  during  the  oxidation  of  the  organic  matter,  and  which 
successively  unite  with  the  lime,  because  the  entire  series  of  interesting 
and  highly  important  changes,  which  organic  substances  undergo  in  the 
soil,  has  as  yet  been  too  little  investigated,  to  permit  us  to  do  more  than 
speak  in  general  terms  of  the  nature  of  the  chemical  compounds  which 
are  most  abundantly  produced.  Of  two  facts,  however,  in  regard  to 
them,  we  are  certain— that  they  are  simpler  in  their  constitution  than 
the  original  organic  matter  itself,  from  which  they  are  derived-— and  tliat 
they  have  a  tendency  to  assume  still  simpler  forms,  if  they  continue  to 
be  exposed  to  the  same  united  action  of  air,  water,  and  alkaline  sub- 
stances. 

Hence  the  compounds  which  lime  has  formed  with  the  acid  substances 
of  the  soil,  themselves  hasten  forward  to  new  decompositions,— unite 
with  more  oxvgen,  liberate  slowly  portion  after  portion  of  their  carbon 
in  the  form  of  carbonic  acid,  and  of  their  hydrogen  in  the  form  of  water, 
till  at  length  the  lime  itself  is  left  again  in  the  state  of  carbonate,  or  in 
union  wiui  carbonic  acid  only.  This  residual  carbonate  begins  again 
the  same  round  of  changes  through  which  it  had  previously  passed.  It 
gives  up  its  carbonic  acid  at  the  bidding  of  mme  more  powerful  organic 
acid  produced  in  iu  neighbourhood,  while  tliis  acid,  by  exposure  to  the 
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doe  ioflaeDces,  nndercoes  new  alteratioDB  till  it  also  is  finally  reaolved 
into  carbonic  acid  and  water. 

Two  drcomstances  are  deserving  to  be  borne  in  mind  in  reference  to 
these  SQCcessive  decompositions—^^rf^  that  in  the  conrse  of  them  more 
aoloble  compounds  of  lime  are  now  and  then  formed,  some  of  which  are 
washed  out  by  the  rains,  and  escape  from  the  scnl,  while  others  minister 
to  the  growth  of  plants;— and  second^  that  very  much  carbonic  acid  is 
product  as  their  final  result— of  which  also  part  is  taken  up  by  the 
roots  of  plants,  and  part  escapes  into  the  air.  Thos  at  every  successive 
atage  a  portion  of  organic  matter  is  lost  to  the  soil.  If  this  quantity  be 
greater  than  that  which  is  yearly  gained  in  the  form  of  roots  or  decayed 
leaves  and  stems  of  plants,  or  of  manure  artificially  added,  the  soil  ^111 
be  gradually  exhaasted*-if  less,  it  will  every  year  become  more  rich  in 
vesetable  matter. 

It  is  also  to  be  borne  in  mind,  that  although,  for  the  purpose  of  illus- 
tration, I  have  supposed  the  carbonate  of  lime  first  formed  in  the  soil  to 
be  subsequently  combined  with  other  acids,  which  gradually  decompose 
and  leave  it  again  in  the  state  of  carbonate, — ^yet  it  will  rarely  happen 
that  the  whcde  of  the  carbonate  of  lime  in  the  soil  will  be  in  any  of  these 
new  states  of  combination.  In  general  a  part  of  it  only  is  thus  at  any 
one  time  employed  in  working  up  the  acid  substances  produced.  But  it 
is  necessary  that  it  should  be  universally  diffused  through  the  soil  in  order 
Uiat  it  may  be  every  where  at  hand  to  perform  the  important  part  of  its 
functions  above  explained.  It  is  only  where  little  lime  is  present,  or 
where  decaying  vegetable  matter  is  in  exceeding  abundance,  that  the 
whole  of  the  carbonate  can  at  one^and  the  same  time  disappear  (p.  380). 


The  changes,  therefore,  which  lime  and  organic  matter,  supposed  to 
be  firee  from  nitrogen,  respectively  undergo,  and  their  mutual  action  in 
the  soil,  may  be  summed  up  as  follows  :^- 

1°.  The  organic  matter,  under  the  influence  of  air  and  moisture, 
spontaneously  decomposes,  and  besides  carbonic  acid  which  escapes, 
forms  also  other  acid  substances  which  linger  in  the  soil. 

2°.  With  these  acids  the  quick-lime  combines,  and,  either  by  its  union 
with  them  or  with  carbonic  acid  from  the  air,  soon  (comparatively)  loses 
its  caustic  state. 

29*  The  production  of  acid  substances  by  the  oxidation  of  the  organic 
matter— goes  on  more  rapidly  under  the  disposing  influence  of  the  lime, 
whether  caustic  or  carbonated.  These  acids  combine  with  the  lime, 
liberating  from  it,  when  in  the  state  of  carbonate,  a  slow  but  constant 
current  of  carbonic  acid,  upon  which  plants  at  least  partly  live. 

4^.  The  organic  acid  matter  which  thus  unites  with  the  lime  continues 
itself  to  be  acted  upon  by  the  air  and  water,  aided  by  heat  and  light— it- 
self passes  through  a  succession  of  stages  of  decomposition,  at  each  of 
which  it  gives  offwater  or  carbonic  acid,  retaining  still  its  hold  of  the  lime, 
till  at  last  being  wholly  decomposed  it  leaves  the  lime  again  in  the  state 
of  carbonate,  ready  to  begin  anew  the  same  round  of  change. 

During  this  seVies  of  progressive  decompositions,  certain  more  soluble 
compounds  of  lime  are  formed,  by  which  plants  are  in  part  at  least  sup- 
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nliod  with  this  eart1i«  aDd  which  with  the  aid  of  the  tains  carry  off  both 
liipe  and  organic  matter  from  the  toil. 

And,  again,  the  more  rapid  the  production  of  the  acid  aobetances 
which  retuU  firom  the  union  of  the  organic  matter  with  oxygen,  the 
ipore  abundant  in  general  aleo  the  production  of  those  gaseous  and  rola- 
tile  compounds  wtich  ther^  form  by  uniting  witb  hydrocen,  so  that,  in 
piomodng  the  formation  of  the  one  class  of  bodies  lime  also  faTours  the 
evolution  of  the  other  in  greater  abundance,  and  thus  in  a  double  measure 
contributes  to  the  exhaustion  of  the  soil. 

The  dispoimg  action  of  lime  to  this  twin  form  of  decomposition,  few 
varieties  of  organic  matter  can  resi8t,-*«nd  hence  arises  the  well  known 
efficacy  of  lime  in  resolving  and  rendering  useful  the  apparently  in- 
ert vegetable  substances  that  not  uofrequently  exist  in  the  seal. 

(  28.  Of  the  comparative  tUUity  of  burned  and  unhumed  lime. 

Is  there  no  advantage,  then,  you  may  ask,  in  using  caustic  or  burned 
rather  than  carbonated  or  unbumed  lime?  If  the  ultimate  effects  of 
both  upon  the  land  be  the  same,  why  be  at  the  expense  of  burning  T 
Amongother  benefits  may  be  enumerated  the  following  :— 

1^.  By  burning  and  slaking,  the  lime  is  reduced  to  the  state  of  an  im- 
palpable powder,  finer  than  could  be  obtained  by  any  available  method 
of  crushing.  It  can  in  consequence  be  diffused  more  uniformly  through 
the  soil,  Sad  hence  a  smaller  quantity  will  produce  an  equal  effect. 
This  minute  state  of  division  also  promotes  in  a  wonderful  degree  the 
chemical  action  of  the  lime.  In  all  cases  chemical  action  takes  place 
between  exceedingly  minute  particles  of  matter,  and  among  solid  snb- 
etances  the  more  rapidly,  the  finer  the  powder  to  which  they  can  be  re- 
duced. Thus  a  mass  of  iron  or  lead  slowly  rusts  or  tarnishes  in  the  air, 
but  if  the  mass  of  either  metal  be  reduced  to  the  state  of  an  impalpable 
powder— which  can  be  done  by  certain  chemical  means— -it  will  take 
fire  when  simply  exposed  to  the  air  at  the  ordinary  temperature,  and 
will  burn  till  it  is  entirely  converted  into  oxide.  By  mere  mechanical 
division  the  apparent  action  of  the  oxygen  of  the  air  upon  metals  is  aug- 
mented and  hastened  in  this  extraonnnary  deeree—and  a  similar  result 
follows  when  lime  in  an  impalpable  state  is  brought  into  contact  with 
the  vegetable  matter  upon  which  it  is  intended  to  act. 

2?.  The  effect  of  burned  lime  is  more  powerful  and  more  immediate  than 
that  of  unbumed  lime  in  the  form  of  cnalk,  marl,  or  shell  sand.  Hence 
it  sooner  neutralizes  the  acids  which  exist  in  the  soil,  and  sooner  causes 
the  decomposition  of  vegetable  matter  of  every  kind  to  commence,  upon 
which  its  efficacy,  in  a  greater  degree,  depends.  Hence,  when  it  can  ea- 
sily be  procured,  it  is  better  fitted  for  sour  grass  or  arable  lands,  forsuch  as 
contun  an  excess  of  vegetable  matter,  and  especially  for  such  as  abound 
in  that  dead  or  inert  form  of  organic  matter  which  requires  a  stronger 
stimulus— the  presence  of  more  powerful  chemical  affinites,  that  is-— to 
bring  it  into  active  decomposition.  In  such  cases,  the  lime  has  already 
done  much  good  before  it  has  been  brought  into  the  mild  stale— and  re- 
maining afterwards  in  this  state  in  the  soil,  it  still  serves,  in  a  great 
measure,  the  same  slower  after-purposes  as  the  original  addition  of  car- 
bonate would  have  done. 

3^.  Besides,  if  any  portion  of  it,  after  the  lapse  of  two  or  three  yean, 
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fltfll  Uncer  in  the  caustic  state  (p.  368),  it  will  coDtinae  to  provoke  more 
rapid  changes  among, the  organic  substances  in  the  soil,  than  mild  lime 
alone  could  have  done. 

4^.  Further,  quick -lime  is  soluble  in  water,  and  hence  every  shower 
that  falls  and  sinks  into  the  soil  carries  with  it  a  portion  of  lime,  so  long 
as  any  of  it  remains  in  the  caustic  state.  It  thus  reaches  acid  matters 
that  lie  beneath  the  surface,  and  alters  and  ameliorates  even  the  subsdl 
kflelf. 

5^.  It  is  not  a  small  additional  recommendation  of  quick»lime,  that  by 
burning  it  loses  about  44  percent,  of  its  weight,  thus  enabUng  nearly 
twice  the  quantity  to  be  conveyed  from  place  to  place  at  the  same  cost 
of  transport.  This  not  only  causes  a  direct  saving  of  money,— as  when 
the  burned  chalk  of  Antrim  is  carried  by  sea  to  the  Ayrshire  coasts-— 
but  an  additional  saving  <^  labour  also  upon  the  farm,— where  the  nom- 
ber  of  hands  and  horses  is  often  barely  sufficient  for  the  necessary  work. 

J  29.  Actum  of  Ume  on  organic  substances  tchich  contain  nitrogen. 

I  have  hitherto,  for  the  sake  of  simplicity,  directed  your  attentioo 
solely  to  the  action,  whether  immediate  or  remote,  which  is  exercised 
by  lime  upon  organic  matter  supposed  to  contain  no  nitrogen.  lis  action 
upou  compounds  in  which  nitrogen  exists  is  no  less  beautiful  and  simple, 
perhaps  even  more  intelligible  and  more  obviously  useful  to  vegetation. 

There  are  several  well l^nown  facts  which  it  is  here  of  importance  for 
OS  to  consider*- 

1^.  That  the  black  vegetable  matter  of  the  soil  always  contains  ni- 
trogen. £ven  that  which  is  most  inert  retains  a  sensible  proportion  of 
it.  It  exists  in  dry  peat  to  the  anooont  of  about  2  per  cent,  of  its  weight« 
and  still  clings  to  the  other  elements  of  the  organic  matter,  even  after  it 
has  undergone  those  prolonged  changes  by  which  it  is  finidiy  converted 
into  coal.  Since  nitrogen,  therefore,  is  so  important  an  element  in  all 
vegetable  food,  and  so  necessary  in  some  form  or  other  to  the  healthy 
growth  and  maturity  of  plants,  it  must  be  of  consequence  to  awaken 
this  element  of  decaying  vegetable  matter,  when  it  is  lying  dormant, 
and  to  cause  it  to  assume  a  form  in  which  it  can  enter  into  luid  become 
useful  to  our  cultivated  plants. 

2°.  That  if  vegetable  matter  of  atiy  kind  be  heated  with  slaked  lime, 
the  whole  of  the  nitrogen  it  may  contain,  in  whatever  state  of  combina« 
tion  it  may  previously  exist,  wul  be  given  off  in  the  form  of  ammonia* 
The  same  takes  place  still  more  easily  if  a  quantity  of  hydrate  of  potash 
cnr  of  hydrate  of  soda  be  mixed  with  the  hydrate  of  lime.  Though  it 
has  not  as  yet  been  proved  by  direct  experiment— yet  I  consider  it  to  be 
exceedingly  probable,  that  what  takes  place  quickly  in  our  laboralories, 
at  a  comparatively  high  temperature,  may  take  place  more  slowly  also 
in  the  soil,  and  at  the  ordinary  temperature  of  the  atmosphere. 

30.  That  when  animal  and  vegetable  substances  are  mixed  with 
•anh,  lime,  and  other  alkaline  matters,  in  the  so-called  nitro  beds  ^Lec. 
yill.,  §  5),  ammonia  and  nitric  acid  are  both  produced,  the  quantit^r  of 
Bitroffeo  contained  in  the  weight  of  these  compounds  extracted  being 
much  greater  than  was  originally  present  in  the  animal  and  vegetable 
matter  employed  (Dumas).  Under  the  influence  of  alkaline  substances, 
therefore,  even  when  not  in  a  caustic  staUf  the  decay  of  animal  and  ve* 
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getable  matter  in  the  preseDce  of  air  and  tnoistare  catisea  some  of  the 
nitrogen  of  the  atmosphere  to  become  fixed  in  the  soil  in  the  form  of  am- 
monia or  of  nitric  acid.  What  takes  place  on  the  confined  area  of  a 
nitre  hed,  may  take  place  to  some  extent  also  in  the  wider  area  of  a  well* 
limed  and  well-manured  field. 

In  the  action  of  alkalies  in  the  nitre  bed,  disposing  to  the  production 
of  nitric  acid,  we  observe  the  same  kind  of  agency,  which  we  have  al- 
ready attributed  to  lime,  in  regard  to  the  more  abundant  elements  which 
exist  in  the  vegetable  matter  of  the  soil.  It  gently  persuades  all  the 
elements-*nitrogen  and  carbon  alike — to  unite  with  the  oxygen  of  air 
and  water,  and  thus  ultimately  to  form  acid  compounds  with  which  it 
may  itself  combine. 

The  action  of  lime  upon  such  orffanic  matters  containing  nitrogen  as 
usually  exist  in  the  soil,  may,  thetefore,  be  briefly  stated  as  follows:—- 

1^.  These  substances,  like  all  other  organic  matter,  undergo  in  moist 
air— and,  therefore,  in  the  soil— a  spontaneous  decomposition,  the  gen- 
eral result  of  which  is  the  production  of  ammonia,  and  of  an  acid  sub- 
staiKe  with  which  the  ammonia  may  combine.  This  change  is  pre- 
cisely analogous  to  that  which  takes  place  in  such  substances  as  starch 
and  woody  fibre,  which  contain  no  nitrogen.  In  each  case,  one  portion 
of  the  elements  unites  with  oxygen  to  produce  an  acid,  the  other  with 
hydrogen  to  form  a  compound  possessed  of  alkaline  or  indifierent  pro- 
perties.   Thus,— 

with  oxyg^o*  WMh  hydrafen. 

Vegetable  matter  produce.    J  ^•^u^^^'^SS!?'"^  i«^^ 
Animal  matter  produces    .    •  j^*^^*";:^ 

If  the  ammonia  happen  to  be  produced  in  larger  relative  quantity 
than  the  acids  with  which  it  is  to  combine,  or  if  the  carbonic  be  the 
only  acid  with  which  it  unites,  a  portion  of  it  may  escape  into  the 
air.  This  rarely  happens,  however,  in  the  soil,  the  absorbent  proper- 
ties of  the  earthy  matters  of  which  it  consists  being  in  most  cases  suffi- 
cient to  retain  the  ammonia,  till  it  can  be  made  available  to  the  pur- 
poses of  vegetable  life. 

When  caustic  (hydrate  of)  lime  is  added  lo  a  soil  in  which  ammonia 
exists  in  this  state  of  combination  with  acid  matter,  it  seizes  upon  tbe 
acid  and  sets  the  ammonia  free.  This  it  does  with  comparative  slow- 
ness, however— for  it  does  not  at  once  come  in  contact  with  it  all— and 
by  degrees,  so  as  to  store  it  up  in  the  pores  of  the  soil  till  the  roots  of 
plants  can  reach  it,  or  till  it  can  itself  underao  a  further  change  by 
which  its  mtroffen  may  be  rendered  more  fixed  (p.  411). 

Carbonate  of  lime,  on  the  other  haix),  still  more  slowly  penuades  the 
ammonia  to  leave  the  acid  substances  (ulmic,  nitric?  &Sc.),  with  which 
it  is  combined,  and  yielding  to  it  in  return  its  own  carbonic  acid,  ena- 
bles it  in  the  state  of  soluble  carbonate  of  ammonia  to  become  more  im- 
mediately useful  to  vegetation. 

2^.  But  in  undergoing  this  spontaneous  decay, even  substances  con- 
taining nltroj^eo  reach  at  length  a  point  at  which  decomposition  appears 
to  stop— an  inert  condition  in  which,  though  nitrogen  be  present  as  in 
peat,  they  cease  sensibly  to  give  it  off  in  such  a  form  or  quantity  as  to 
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be  capable  of  tamutmnfL  to  vegetable  growth.  Here  caustic  lime  stepe 
in  more  qtrickhr,  and  mud  lime  by  slower  degrees,  to  promote  the  for- 
ther  decay,  u  induces  the  carbonaceous  matter  to  take  oxygen  from 
the  air  and  from  water  and  to  form  acids,  and  the  nitrogen  to  unite  with 
the  hydrogen  of  the  water  for  the  production  of  ammonia— -thus  helping 
forward  the  organic  matter  in  its  natural  course  of  decay,  and  enabling 
it  to  fulfil  its  destined  purposes  in  reference  to  vegetable  life. 

3^.  But  the  ammonia  which  is  thus  disengaged  in  the  soil  by  decay- 
ing organic  matter,  though  not  immediately  worked  up,  so  to  speak,  by 
living  plants,  is  not  nermitted  to  escape  in  any  large  quantity  into  the 
air.  The  soil,  as  I  nave  already  stated,  is  usually  absorbent  enough  to 
retain  it  in  its  pores  for  an  indefinite  period  of  time.  And  as  in  natura 
and  upon  the  earth's  surface  the  elements  of  matter  are  rarely  permitted 
to  remain  in  a  state  of  repose,  the  ammonia,  though  retained  apparently 
inactive  in  the  soil,  is  yet  slowly  uniting  with  a  portion  of  the  surrouncf- 
ing  oxygen  and  forming  nitric  acid  (Lee.  VIII.,  §  5,  note).  When  no 
other  base  is  present,  this  nitric  acid,  as  it  is  produced,  unites  with  some 
of  the  ammonia  itself  which  still  remains,  forming  nitrate  of  ammonia-^ 
but  if  potash  or  lime  be  present  within  its  reach,  it  unites  with  them  in 
preference,  and  forms  the  nitrate  of  potash  or  of  lime* 

But  lime,  if  present,  is  not  an  inactive  spectator,  so  to  speak,  of  this 
slow  oxidation  of  ammonia.  On  the  contrary*  it  promotes  this  final 
change,  and  by  being  ready  to  unite  with  the  nitric  acid  as  it  forms,  in- 
creases and  accelerates  its  production,  at  the  expense  of  the  ammonia 
which  it  had  previously  been  instrumental  in  evolving. 

4^.  One  other  important  action  of  lime,  by  which  the  same  com- 
pounds of  nitroffen  are  produced  in  the  soil,  may  in  this  place  be  most 
properly  noticed.  It  is  a  chemical  law  of  apparently  "extensive  applica- 
tion, that  when  one  elementary  substance  is  underg^ng  a  direct  chemi- 
cal union  with  a  second  in  the^esence  of  a  third,  a  tendency  is  impart- 
ed to  th«  third  to  unite  also  with  one  or  with  both  of  the  other  two,  al- 
though in  the  same  circumstances  it  would  not  unite  with  either,  if  pre- 
sent alone.  Thus,  when  the  carbonaceous  matter  of  the  soil  is  under- 
gping  oxidation  in  the  air — that  is,  combining  with  the  oxygen  of  the  at- 
mosphere—it  imparts  a  tendency  to  the  nitrogen  also  to  unite  with  ox^- 
^en,  which  when  mixed  with  tnat  gas  alone*  it  has  no  known  disposi- 
tion to  do.  The  result  of  this  is  the  production  of  a  small,  and  always  a 
variable,  proportion  of  nitric  acid  during  the  decomposition  in  the  soil,  of  or- 
ganic matter  even,  which  itself  contains  no  nitrogen. 

Again,  it  is  an  equally  remarkable  chemical  law,  that  elementary 
bodies  which  refuse  to  combine,  however  long  we  may  keep  them  to- 
gether in  a  state  of  mixture,  will  yet  unite  readily  when  presented  to 
each  other  in  what  is  called  by  chemists  the  nascent  state— that  is,  at 
the  moment  when  one  or  other  of  them  is  produced  or  is  separated  from 
a  previous  state  of  oombination. 

Thns  when  the  organic  matter  of  the  soil  decomposes  water  in  the 
presence  of  atmospheric  air,  its  carbon  unites  with  the  greater  part 
of  the  oxygen  and  hydrogen  which  are  set  at  liberty,  and  at  the  same 
time  with  more  or  less  of  the  oxygen  of  the  atmosphere— but  at  the 

*  Tli«  acmosphen  cooflifltliif ,  m  jou  win  recollect,  of  nitrogen  end  oxjfen  (Lee  IL,  f  4> 
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•aine  iDstant  the  nitrogen  of  the  atmoephere,  which  is  everywhere  pre- 
Beot,  aeizes  a  portion  df  the  hydrogen  and  forme  ammonia.  Thus  a  va- 
riable, and  in  any  one  limited  spot,  a  roioute,  but  over  the  entire  surface 
of  the  globe,  a  large  quantity  cm  ammonia  is  produced  during  the  oxi- 
dation even  of  the  purely  carbonaceous  portion  of  the  organic  matter  of 
the  soil. 

Now  in  proportion  as  the  presence  of  lime  promotes  this  decay  of 
vegetable  and  other  organic  matter  in  the  soil^n  the  same  proportion 
does  it  promote  the  pnxluction  of  ammonia  and  nitric  acid,  at  the  expense 
of  the  free  nitrogen  of  the  atmospheiv,  and  this  may  be  regarded  as  one 
of  the  valuable  and  constant  purposes  served  by  tlie  presence  of  calca- 
reous matter  in  the  soil. 

§  30.  How  (hue  chemical  changes  directly  heiuJU  wgetatum. 

You  will  scarcely,  I  think,  inqaire  how  all  these  interesting  chemical 
changes  which  attend  upon  die  presence  of  lime  in  the  soil  are  directly 
useful  to  vegetation^  and  yet  it  may  be  useful  shortly  to  answer  the 
question. 

]  °.  Lime  combines  with  the  acid  substances  already  existing  in  the 
soil,  and  thus  promotes  the  decomposition  of  vegetable  matter  which 
those  acid  substances  arrest.  The  further  decompositions  which  ensue 
are  attended  at  every  step  by  the  production  either  of  gaseous  com- 
pounds—euch  as  carbonic  acid  and  liffht  carburetted  hydrogen— which 
are  moro  or  less  abundantly  absoihed  by  the  roots  and  leaves  of  plants, 
and  thus  help  to  feed  them— or  of  acid  and  other  compounds,  soluble 
in  water,  which,  entering  by  the  roots,  bear  into  the  circulation  of  the 
plant  not  only  organic  food,  but  that  supply  of  lime  also  which  healthy 
Jilants  require. 

2^.  The  changes  it  induces  upon  substances  in  which  nitrogen  is 
present  are  still  more  obviously  useftil  to  vegetation.  It  eliminates  am- 
monia from  the  compounds  in  which  it  exists  already  formed,  and  pro- 
motes its  slow  conversion  into  nitric  acid,  by  which  the  nitrogen  is  ren- 
dered more  fixed  in  the  soil.  It  disposes  the  nitrogen  of  more  or  less 
inert  organic  matter  to  assume  the  form  of  ammonia  and  nitric  acid,  in 
which  state  experience  has  kmg  shown  that  this  element  is  directly  fa- 
vourable to  the  growth  of  planli. 

3^.  It  influences  in  an  unknown  degree,  the  nitrogen  of  the  atmos- 
phere to  become  fixed  in  larger  proportion  in  the  soil,  in  the  form  of  nitric 
acid  and  ammonia,  than  would  otoerwise  be  the  case,  and  this  it  does 
both  by  the  greateramount  of  decay  or  oxidation  which  it  brings  about  in 
a  given  time,  and  by  the  kind  of  compounds  which,  under  its  influence, 
the  organic  matter  is  penuaded  to  form.  The  amount  of  nitrogenous 
food  placed  within  reach  of  plants  by  this  afi^ency  of  lime  will  vary  with 
the  climate,  with  the  nature  of  the  soil,  wiui  its  condition  as  to  drain- 
age, and  with  the  more  or  less  liberal  and  skilful  mannet  in  which  it  is 
wmed. 

$  31.  Why  lime  musi  he  kepi  near  Ae  surface. 
Nor  will  you  fail  to  see  the  important  reasons  why  lime  ought  to  be 
kept  near  the  surface  of  the  soil— since 

1^.  The  action  of  lime  npon  organic  matter  is  almost  nothing  in  the 
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abBence  of  air  and  moisture.  If  tb«  lime  siokt  therelbre,  beyond  iIm 
coDstant  reach  of  fresh  air,  its  efficacy  is  in  a  great  degree  lost. 

2^.  But  the  agency  of  the  li^ht  and  heat  of  the  sun,  though  I  have 
not  hitherto  insisted  upon  their  action—are  scarcely  less  necessary  to  tho 
full  experience  of  the  benefits'Huhich  lime  is  capable  of  conferring.  The 
light  of  the  sun  accelerates  nearly  all  the  chemical  decompositions  that 
take  place  in  the  soil— >while  seme  it  appears  especially  to  promote* 
The  warmth  of  the  sun*8  rays  may  penetrate  to  some  depth,  but  their 
light  can  only  act  upon  the  immediate  surlace  of  .the  soiU  Hence  the 
skilful  a  griculturist  will  endeavour,  if  possible*  to  keep  some  of  hia 
lime  at  least  upon  the  very  surface  of  his  arable  land.  Perhaps  this  in* 
fluence  of  light  might  even  be  adduced  as  an  argument  in  &voor  of  tho 
frequent  application  of  lime  in  small  doses,  as  a  means  of  keeping  a 
portion  of  it  always  within  reach  of  the  sun*s  rays  ;  and  this  more  es- 
pecially on  grass  lands,  to  which  no  mechanical  means  can  be  applied 
for  the  purpose  of  bringing  again  to  the  surface  the  lime  that  has  sunk. 

There  are,  at  the  same  time,  as  you  will  recollect,  good  reasons  also 
why  a  portion  of  the  lime  should  be  diflfused  through  the  body  of  the 
soil,  both  for  the  purpose  of  combining  with  orgauic  acids  alre«)y  ex-* 
isting  there,  and  with  the  view  of  acting  upon  certain  inorganic  or  min- 
eral substances,  which  are  either  decidedly  injurious,  or  by  the  action 
of  lime  may  be  rendered  more  wholesome  to  vegetation. 

In  order  that  this  diffusion  may  be  effected,  and  especially  that  lima 
may  not  be  unnecessarily  wasted  where  pains  are  taken  by  mechanical 
means  to  keep  it  near  the  surface,  an  efficient  system  of  under-drainage 
should  be  careful^  kept  up.  Wliere  the  rains  that  fall  aie  allowed  to 
flow  off"  the  surface  of  the  land,  they  wash  more  lime  away  the  mora 
carefully  it  b  kept  among  the  upper  soii-^but  where  a  free  outlet  is  af- 
forded to  the -waters  beneath,  they  carry  the  lime  with  them  as  they  sink 
towards  the  subsoil,  and  have  been  robbed  again  of  the  greater  part  of 
it  before  they  escape  into  the  drains.  Thus  on  drained  land  the  raina 
that  fall  aid  lime  in  producing  its  beneficial  effects,  while  in  undrained 
land  Uiey  in  a  greater  or  less  degree  counteract  it. 

§  32.  Action  of  lime  upon  the  inorganic  or  mineral  matter  of  the  »oU» 

Though  the  main  general  agency  of  lime  is  exerted,  as  we  have  seen, 
upon  the  organic  matter  it  meets  with,  yet  it  often  also  produces  direct 
cnemical  changes  upon  the  mineral  compounds  existing  in  the  soil,  which 
are  of  great  importance  to  vegetation.     Thus 

1"^.  Lime,  either  in  the  mild  or  in  the  caustic  state,  possesses  the  pro- 
perty of  decomposing  the  sulphate  of  iron,  which  especially  abounds  in 
peaty  soils,  and  in  many  localities  so  saturates  the  subsoil  as  to  make  it 
destructive  to  the  roots  of  plants.  Sprengel  mentions  a  case  where  the 
first  year's  clover  always  grew  well,  while  in  the  second  year  it  always 
died  away.  This,  upon  examination,  was  found  to  be  owing  to  the  fer- 
ruginous nature  of  the  subsoil,  which  caused  the  death  of  the  plant  at 
soon  as  the  roots  began  to  penetrate  it. 

When  salts  of  iron  exist  in  the  soil,  a  dressing  with  lime  will  bring 
the  land  into  a  wholesome  state  without  other  aid.  The  lime  will  com- 
bine with  the  acid,  and  form  gypsum,  if  it  is  the  sulphate  of  iron  that 
is  present,  while  the  first  oxide  of  iron  which  is  set  free  will,  by  expo- 
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sure  to  the  air,  be  converted  into  the  $econd  or  red  oxide,  in  which  state 
this  metal  is  no  longer  hurtful  to  vegetation. 

When  these  salts  are  to  be  decomposed  and  removed  from  the  sub* 
soil,  lime  must  be  aided  by  the  subsoil  plough  and  the  drain.  Unless 
an  outlet  beneath  be  provided  for  the  surface  water,  by  which  the  rains 
may  be  enabled  to  wash  away  slowly  the  noxious  substances  from  the 
subsoil,  even  the  addition  of  a  copious  dose  of  lime  will  only  produce  a 
temporary  improvements 

2°.  Lime  decomposes  also  the  sulphates  of  magnesia  and  of  alumi- 
na, both  of  which  are  occasionally  found  in  the  sou,  and,  being  very  so- 
luble salts,  are  liable  to  be  taken  up  by  the  roots  in  such  quantity  as  to 
be  hurtful  to  the  growing  plants.  When  soils  which  contain  any  of  the 
three  salts  I  have  mentioned  have  once  been  limed  or  marled,  it  is  in 
vain  to  add  gypsum  in  the  hope  of  favouring  the  clover  crop,  since  the 
lime,  in  decomposing  the  sulphates,  has  already  formed  an  abundant 
supply  of  this  compound  for  all  the  purposes  of  vegetation. 

3^.  Among  the  earthy  constituents  of  the  soil,  we  have  already  seen 
that  there  often  exist  fragments  of  felspar  and  of  other  minerals  derived 
from  the  ^nitic  and  trap  rocks,  which  contain  potash  or  soda  in  the 
state  of  nUe€Ues.  These  silicates  we  know  to  be  slowly  decomposed 
by  the  agency  of  the  carbonic  acid  of  the  air  (Lee.  X.,  |  1),  and  their 
alkali  set  free  in  a  soluble  state.  This  decomposition  is  said  to  be 
prompted  by  die  presence  of  lime  (p.  361 1. 

Again,  the  stalks  of  the  grasses  and  tne  straw  of  the  corn-bearing 
plants  contain  much  silica  in  combination  with  potash  and  soda.  In 
fiirm-yard  manure,  therefore,  much  of  these  silicates  is  present,  and 
when  mixed  with  the  soil,  there  appears  little  reason  to  doubt  that  they 
are  of  much  benefit  to  the  growing  crops.  On  these  silicates,  in  the 
presence  of  carbonic  acid  and  moisture,  the  lime  acu  as  it  does  upon 
the  mineral  silicates.  It  aids  in  the  liberation  of  the  potash  and  soda, 
and  thus  promotes  the  performance  of  those  important  functions  which 
these  alkalies  are  destined  to  exercise  in  reference  to  vegetable  growth 
(p.  328). 

While  the  alkali  is  set  free  the  lime  itself  combines  with  the  silica, 
and  hence  one  source  of  the  silicate  of  lime  which,  as  I  have  already 
mentioned  to  you  (p.  380),  usually  exists  in  sensible  quantity  in  our  cul- 
tivated soiU*  It  has  been  stated  by  Sprengel*  as  one  reason  why  the 
addition  of  lime  must  be  repeated  so  frequently  upon  some  soils  in  which 
silica  abounds,  that  an  insoluble  silicate  of  ume  is  formed,  which  is  of 
no  nse  to  vegetation.  But  the  silicates  of  lime  are  slowly  decomposed 
by  the  agency  of  the  carbonic  acid  of  the  air  and  of  decaying  vegeuiion, 
and  to  flib  cause  in  a  previous  lecture  (L^.  XII.,  |  4),  I  have  ascribed 
much  of  the  fertile  character  of  the  trap  and  syenitic  soils,  and  of  their 
beneficial  action  when  laid  on  as  a  manure. 

4^.  Potash  and  soda  exist  to  some  extent  in  clay  soils  in  combination 
with  their  alumina.  The  presence  of  lime  has  a  similar  influence  in 
setting  the  alkalies  free  from  this  state  of  combination  also. 

5°.  Alumina  has  the  property  of  combining  readily  with  many  v^g^ 
table  acids,  and  in  the  clay  soils  exercises  a  constant  influence,  similar 
in  kind  to  that  of  lime  and  other  alkaline  substances,  in  persuading  the 

'JMnvomDUngtr,  p.  310. 
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organic  matter  to  those  fornas  of  decay  io  which  acid  compounds  are 
more  abundantly  produced.  Hence,  clay  soils  almost  always  contain  a 
portion  of  alumma  in  combination  with  organic  matter.  This  organic 
matter  is  readily  given  up  to  lime,  and  by  the  more  energetic  action  of 
this  substance  is  sooner  made  available  to  the  wants  of  new  races  of  plants. 

6^.  I  shall  bring  under  your  notice  only  one  other,  but  a  highly  im- 
portant, decomposing  action,  which  lime  exercises  in  soils  that  abound 
in  vegetable  matter.  In  the  presence  of  decaying  organic  substances 
the  carbonate  of  lime  is  capable  of  slowly  deeomposine  common  salt, 
producing  carbonate  of  soda  and  chloride  of  calcium.  It  exercises  also 
a  similar  decomposing  efifect,  even  upon  the  sulphate  of  soda,  and,  ac- 
cording to  BerthoUet,*  incrustations  of  carbonate  of  eodaf  are  observed 
on  the  surface  of  the  soil,  wherever  carbonate  of  lime  and  com- 
mon salt  are  in  contact  with  each  other.  If  we  consider  that  along  all 
our  coasts  common  salt  may  be  said  to  abound  in  the  soil,  beiug  yearly 
sprinkled  over  it  by  the  salt  sea  winds—that  generally,  along  the  same 
coasts,  the  apnlication  of  sulphatee  produces  little  sensible  effect  upon 
the  crops,  and  that,  therefore,  in  aU  probability  they  abound  in  the  soil, 
derived,  it  may  be,  from  the  same  sea  spray— we  may  safely  conclude, 
I  think,  that  the  decomposition  now  explained  must  take  place  extensively 
in  all  those  parts  of  our  island  which  are  so  situated,  if  lime  in  any  of 
its  forms  eitner  exists  naturally  or  has  been  artificially  added  to  the  land* 
The  same  must  be  the  case  siiso  in  those  districts  where  salt  springs  oc- 
cur, and  generally  over  the  new  red  sand-stone  formation,  in  which  sea 
salt  more  especially  occurs. 

And  if  we  funher  consider  the  important  purposes  which  the  carbo- 
nate of  soda  thus  produced  may  serve  in  reference  to  vegetation— that  it 
may  dissolve  vegetable  matter  and  carry  it  into  the  roots— that  it  may 
form  soluble  silicates,  ai^  thus  supply  the  necessary  siliceous  matter  to 
the  stems  of  the  nasses  Ad  other  plants-*-and  that  rising,  as  it  naturally 
does,  to  the  surmoe  of  the  soil,  it  there,  in  the  presenoe  of  vegetable 
matter,  provokes  lo  the  formation  of  nitrates,  so  wholesome  to  vegetable 
life^-we  may  regard  the  decomposing  action  of  lime  by  which  this  car- 
bonate is  produced  as  among  the  most  valuable  of  its  properties  to  the 
practical Mirmer,  wherever  circumstances  are  favourable  for  its  exercise. 

§  33.  Action  of  lime  on  anitnal  and  vegetable  life. 

It  is  only  necessary  to  allude,  in  conclusion,  to  one  or  two  other  useful 

Surposes  which  lime  is  said  lo  serve  in  reference  to  animal  and  vegeta- 
lelife.  Thus 
1°.  It  is  said  to  prove  fatal,  especially  in  the  caustic  state,  to  worms, 
to  slugs,*  and  to  many  insects  injurious  to  the  farmer,  and  to  destroy 
their  eggs  and  larvs.  In  Scotland  it  has  been  found  in  some  instances 
to  checK  the  ravages  of  the  fly.  On  the  other  hand,  in  the  state  of  car- 
bonate, it  is  propitious  to  the  ffxpwth  of  the  land  snail  and  similar  crea- 
tnres  which  bear  shells.  In  nighly  limed  land  the  former  may  be  seen 
crowded  at  the  roots  of  the  hedges,  from  which  they  make  frequent  in- 

*  Bqidm  TrmU  de  ChtmU,  U.,  p.  334. 

t  Of  TVsnaor  Aii/ron,  wMcli  b a mmui cMboDit«  of  Mda. 

;  Wheo  the  wheat  crop  is  attacked  bjr  ilass  above  croond,  nothing  will  do  so  mocta  food 
M  daked  lime,  sown  orer  Che  orop  beiore  aQnrlM.-^[IU]rard,  Boyol  AgrieuUural  Jowmd, 
Itt.,  p.  302. 
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cumoDS  Upon  the  young  crops,  and  are,  I  believe,  especially  huitfnl  to 
tlie  tuniips. 

2^,  It  is  found  to  preveiit  imut  in  wheat.  For  this  purpose  the  seed 
is  steeped  in  lime,  and  afterwards  dried  with  slaked  hme,  or  lime  wa- 
ter is  poured  upon  the  heap  of  com,  which  is  turned  over,  and  left  for 
24  hours  (Hillyard). 

3^.  It  is  also  said  to  prevent  the  rot  and  foot-roc  in  sheep  fed  upon 
pastures  on  which,  before  liming,  the  stock  was  liable  to  be  aflected  by 
these  diseases  (Prideaux). 

4°.  In  regard  to  its  action  upon  living  plants,  it  is  certain  that  it  ex- 
tirpates certain  of  the  coarser  grasses  from  sour  pastures  and  brings  up  a 
tenderer  herbage ;  but  practical  men  appear  to  difier  in  regard  to  its  ef- 
fects upon  the  roots  and  seeds  of  the  more  troublesome  weeds.  Accord- 
ing to  some,  the  addition  of  lime  to  a  compost,  or  to  the  soil,  will  kill 
the  roots  of  weeds  and  render  unproductive  such  noxious  seeds  as  may 
happen  to  be  present.  According  to  others  (p.  405^,  this  is  a  mistake. 
I  believe  the  truth  to  be,  that  lime  will  lead  to  theur  destruction  and  de- 
cay, if  the  circumstances  are  favourable  or  if  proper  pains  be  taken  to 
effect  it.  But  air  and  moisture  are  necessary  to  insure  tiiis,  as  they  are 
to  e£fect  the  rapid  decay  of  dead  organic  matter.  If  the  ingredients  of 
the  compost  be  duly  proportioned,  or  if  the  dose  of  lime  added  to  the 
land  be  sufficiently  large,  and  if  in  each  case  the  mixture  be  frequently 
turned,  the  final  destruction  of  roots  and  seeds  may  in  general  be  safely 
calculated  upon. 

§  34.  Use  of  silicate  of  lime* 

There  is  one  compound  of  lime  which,  though  occurring  occasionally 
in  all  soils,  has  not  hitherto  been  applied  to  the  improvement  of  the  land 
even  in  localities  where  it  most  abounds.  Thkoompound  is  the  siUeaU 
of  lime.  I  have  already  directed  your  attenflon  to  the  presence  of  this 
compound  in  the  trap  rocks,  and  to  the  fertile  character  which  it  imparts 
to  the  soils  which  are  formed  by  the  natural  degradation  of  these  rocks. 

In  thuse  districts  where  the  smelting  of  iron  is  carried  on,  the  first 
slag  that  is  obtained  consists  in  great  part  of  silicate  of  lime.  This  slag 
accumulates  in  large  quantities,  and  is  employed  in  some  districts  for 
mending  the  roads.  It  is  not  unworthy  the  attention  of  the  practical 
farmer — as  an  improver  of  his  fields— especially  where  caustic  lime  is 
distant  and  expensive,  or  where  boggy  and  peaty  soils  are  met  with  in 
which  vegetable  matter  abounds.  On  such  land  it  may  be  laid  in  large 
quantity.  It  will  decompose  slowly,  and  while  it  imparts  to  the  soil 
solidity  and  firmness,  will  supply  both  lime  and  nlica  to  the  growing 
crops,  for  a  long  period  of  time. 


I  hftTe  tboi  dxitim  yoor  att«ntloii  toUie  mott  inpoitant  topfe*  eomiected  with  the  me  of 
Usie,  w  eflkcaoloiwu  lostniment  Id  Uie  handi  of  the  ekUAil  and  improTtDf  fknner  for  an** 
UoraUng  the  condition  and  Increaalnf  the  producUveneaa  of  hia  land.  If  fbaTe  appe^ed  to 
dwell  long  npon  thia  aubject.  It  la  beeauae  of  the  Talue  which  I  know  to  be  attached  br 
practical  men  to  a  correct  ezpoaiUon  of  the  Tlitnea  of  lime  and  of  the  theorj  by  whicn 
ita  effbcta  are  to  be  explained.  I  belloTe  that  in  the  theoretical  part  I  hare  been  able  lo 
point  oat  lo  yon  the  leading  chemical  principles  npon  which  lia  Influence  dependa— if  any 
thing  la  atin  dark,  it  la  becaoae  otir  knowledge  la  not  yet  complete.  A  few  yeara  more, 
and  we  may  hope  to  have  the  mlata  which  hang  orer  thIa,  aa  orer  many  otliar  bnuachss 
of  agricaltural  cnemlatrjri  In  a  great  meaaore  cleaied  away. 
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LECTURE  XVII. 

Of  oiiMie  B«iiir0iL~-VegeUible  and  anfaul  ■MaarM.— Green  OMnDrlng;  ptoaf  hlof  in  of 
sparry,  tho  whito  lupin,  tbe  Tetch,  back> wheat,  rape,  rye,  borage.— Natural  green  manu< 
ring.— UDproTement  of  the  aoH  br  laying  down  to  grass  and  by  planUng.— Use  of  sea* 
weed.--Dry  vegetable  manures :  dry  straw,  ehaff,  rape-dust,  naU'dust,  saw>dust,  cotton 
seeds,  diy  leaves.— Decayed  Tegetable  matter:  use  ofpesi,  tanners'  bark,  and  composts 
ofTecetsble  matter— Charcoal  powder,  soot —Relative  value,  tbeorelical,  and  practical, 
of  dunrent  vegetable  manures. 

Bt  organic  maDures  are  anderstood  all  those  sabstances  either  of 
vegetable  or  of  animal  origin,  which  are  applied  to  the  land  for  the  pur- 
pose of  increasing  iu  fertility.  It  will  be  convenient  to  consider  these 
two  classes  of  organic  substances  separately. 

The  parts  of  vegetables  may  be  applied  to  the  soil  in  three  diflerent 
forms— in  the  green,  in  the  dry,  and  in  the  more  or  less  naturally  de- 
cayed, fermented,  or  artificially  decomposed  state. 

§  1.  Cy  green  manuring^  or  the  applicatian  of  vegetable  matter  in  the 

green  state. 

By  green  manuring  is  meant  the  ploughing  in  of  green  crops  in  their 
living  state— or  of  green  vegetables  left  or  spread  upon  the  land  for  the 
gtarpoee. 

1°.  We  have  seen  in  the  preceding  lecture  how  important  air  and 
water  are  to  the  decomposition  of  organic  matter.  Now  green  vegetable 
substances  contain  within  themselves  much  water,  undergo  decomposi- 
tion more  readily,  there^re,  than  such  as  have  been  dried,  and  are  more 
immediately  serviceable  when  mixed  with  the  soil. 

2°.  In  the  sap  of  plants  also  there  generally  exist  certain  compounds 
containing  nitrogen,  which  not  only  decompose  very  readily  themselves* 
but  have  the  property  of  persuading  or  inducing  the  elements  of  the 
other  organic  matters,  with  which  they  are  in  contact,  to  assume  new 
forms  or  to  enter  into  new  chemical  combinations.  Hence,  the  sap  of 
plants  almost  invariably  undergoes  more  or  less  rapid  decomposition 
even  when  preserved  from  the  contact  of  both  air  and  water.  When 
this  decomposition  has  once  commenced  in  the  sap  it  is  gradually  propa- 
gated to  the  woody  fibre  and  to  the  other  substances  of  which  the  mass 
of  the  stems  and  roots  of  plants  is  composed.  Hence,  recent  vege- 
table matter  will  undergo  a  comparatively  rapid  decomposition,  even 
when  buried  to  some  depth  beneath  the  soil—- and  the  elements  of  which 
it  consists  will  form  new  compounds  more  or  less  useful  to  living  planu, 
in  circumstances  where  dry  and  where  many  forms  even  of  pcurtJally 
decomposed  vegetable  matter  would  undergo  no  change  whatever. 

3^.  Further— when  green  veeeCable  matter  is  allowed  to  decay  in  the 
open  Air,  it  is  gradually  resolved  more  or  less  oom^etely  into  carbonic 
acid,  which  escapes  into  the  air  and  is  so  far  lost.  Bnt  when  buried  be- 
neath the  surface,  this  formation  of  carbonic  acid  proceeds  less  rapidly, 
and  other  compounds^preparatory  to  the  final  resolution  into  carbonic 
acid  and  water — ^are  produced  in  greater  quantity  and  Imger  in  the  80ll« 


418        eREKIT  VEOBTABLSS  RKADILT  DCCAt,  AND  E5R1CH  THE  BOIL. 

Thus  by  buiying  vegetable  substances  in  his  land  in  their  men  state, 
the  practical  man  actually  saves  a  portion  of  the  organic  fiood  of  plants* 
which  would  otherwise  so  far  run  to  waste. 

4°.  Finally.  Green  vegetable  substances,  by  exposure  to  the  air, 
gradually  give  up  a  portion  of  the  saline  matter  they  contain  to  the 
showers  of  rain  that  fall.  This  more  or  less  escapes  and  is  lost.  But  if 
buried  beneath  the  soil  this  saline  mauer  is  restored  to  the  land,  and 
where  the  green  matter  thus  buried  is  in  the  state  of  a  growing  crop, 
both  the  organic  and  inoreanic  substances  it  contains  are  more  equally 
diffused  through  the  soil  than  they  could  be  by  any  other  known  {nocess. 

On  one  or  other  of  these  principles  depend  nearly  all  the  ioeeial  ad- 
vantages which  are  known  to  follow  from  green  manuring  ana  (torn  the 
employment  of  grpen  vegetable  matter  in  the  preparation  of  composts. 

§  2.  Important  practical  results  obtained  hy  grem  manuring. 

But  this  explanation  of  the  principles  on  which  the  efficacy  of  green 
manuring  depends,  does  not  fully  illustrate  the  important  piacacal  results 
by  which,  in  many  localities,  it  is  uniformly  followed. 

Let  us  glance  at  these  results. 

1^.  The  plonghine  in  of  green  vegetables  on  the  spot  where  they 
have  grown  may  be  followed  as  a  method  of  manuring  and  enriching 
all  land,  where  other  manures  are  less  abundant.  Growing  plants  bring 
up  from  beneath,  as  far  as  their  roots  extend,  those  substaroes  which  are 
useful  to  vegetation — and  retain  them  in  their  leaves  and  stems.  B^ 
ploughing  in  the  whole  plant  we  restore  to  the  surface  what  had  previ- 
ously sunk  to  a  greater  or  less  depth,  and  thus  make  it  more  fertile  than 
before  the  green  crop  was  sown. 

2°.  This  manuring  is  performed  with  the  least  loss  by  the  use  of 
vegetables  in  the  green  state.  By  allowing  them  to  decay  in  the  open 
air,  there  is,  as  above  stated,  a  loss  both  of  organic  and  of  inorganic  matter 
—if  ihey  be  converted  into  fermented  (farra-yard)  manure,  there  is  also 
a  large  loss,  as  we  shall  hereafter  see ;  and  the  same  is  the  case,  if  they 
are  employed  in  feeding  stock,  with  a  view  to  their  conversion  into  ma* 
nure.  In  no  other  form  can  the  same  crop  convey  to  the  aoil  an  equal 
amount  of  enriching  matter  as  in  that  of  green  leaves  and  stems.  Where 
the  first  object,  therefore,  in  the  farmer's  practice  is,  so  to  use  his  crops 
as  to  enrich  bis  land—he  will  soonest  effect  it  by  ploughing  them  in  m 
the  green  state. 

3°.  Another  important  result  is,  that  the  beneficial  action  is  almost 
im  mediate.  Green  vegetables  decompose  ra  pidl  v,  and  i  bus  the  first  crop 
which  follows  a  green  maouring  is  benefitted  and  increased  by  it.  But 
partly  for  this  reason  also  the  green  manuring— of  com  cropped  land^ 
if  aided  by  no  other  manure,  must  generally  be  repeated  every  second 
year. 

4°.  It  is  said  that  grain  crops  which  succeed  a  green  manuring  are 
never  laid-^and  that  the  produce  in  grain  is  greater  in  proportion  to  the 
straw,  than  when  manured  with  fermented  dung. 

6°.  But  it  is  deserving  of  separate  consideration,  that  green  manuring 
is  especially  adapted  for  improving  and  enriching  soils  which  are  poor 
in  vegetable  matter.  The  principles  on  which  living  plants  draw  a  part 
ometimes  a  large  part— of  their  sustenance  from  the  air,  have  already 
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been  ditenssed,  and  I  may  presume  that  you  sufficiently  understand  the 
principles  and  admit  the  met.  Living  plants,  then,  contain  in  their  sub- 
stance not  only  all  they  have  drawn  up  from  the  soil,  but  also  a  great 
part  of  what  they  have  drawn  down  from  the  air.  Plough  in  these  living 
plants,  and  you  necessarily  add  to  the  soil  more  than  was  taken  from 
It— 4n  other  words,  you  make  it  richer  in  organic  matter.  Repeat  the 
process  with  a  second  crop  and  it  becomes  richer  still— and  it  would  be 
difficult  to  define  the  limit  beyond  which  the  process  could  no  further  bo 
carried. 

Is  there  any  scnl  then,  in  the  ordinary  climates  of  Europe,  which  is  be- 
yond the  reach  of  this  improving  process  ?  Those  only  are  so  on  which 
plants  refuse  to  grow  at  all,  or  on  which  they  grow  so  languidly  as  to 
extract  from  the  air  no  more  than  is  restored  to  it  again  by  the  natural 
decay  of  the  organic  matter  which  the  soils  already  contain. 

But  for  those  plants  which  ^w  naturally  upon  the  sOil,  agricultural 
skill  may  substitute  others,  which  will  increase  more  rapidly,  and  pro- 
dace  a  larger  quantity  of  green  leaves  and  stems  for  the  purpose  of  being 
buried  in  the  soil.  Hence,  the  selection  of  particular  crops  for  the  pur- 
pose of  giving  manuring— those  bein^  obviously  the  fittest  which  in  the 
given  soil  and  climate  grow  moat  rapidly,  or  toiiick  produce  the  largest 
quarUity  of  vegetable  matter  in  tf^e  ^lorteat  time  and  at  the  smallest  cost. 

^9*  Of  theplants  which  in  different  soils  and  cUmates  are  employed 
for  green  manuring. 

On  this  principle  is  founded  the  selection  of  different  plants  in  dififerenC 
aoiU  and  climates  for  the  purpose  of  men  manuring.  That  which 
in  Italy  will  yield  the  lar^;est  produce  of  leaves  and  stems,  at  the  least 
cost,  and  in  the  shortest  time,  may  not  do  so  in  the  North  of  England  or 
of  Germany — ^and  that  which  will  enrich  a  poor  clay  or  an  exhausted 
loam  may  refuse  even  to  grow,  in  a  healthy  manner,  upon  a  drifting  sand. 

1°.  Spurry  (Sperfula  ArvensLs).— It  is  to  poor  dry  sandy  soils  that 
green  manuring  has  been  found  most  signally  beneficial,  and  for  such 
aoik  no  plant  has  been  more  lauded  than  spurry.  It  may  either  be 
sown  in  autumn  on  the  com  stubble  or  afier  early  potatoes,  and 
ploughed  in  in  spring  preparatory  to  the  annual  crop,  or  it  may  be 
used  to  replace  the  naked  fallow,  which  is  often  hurtful  to  lands  of  so 
light  a  character.  In  the  latter  case,  the  first  sowing  may  take  plaqe 
in  March,  the  second  in  May,  and  the  third  in  July— each  crop  being 
ploughed  in  to  the  depth  of  three  or  four  inches,  and  the  new  seed  then 
sown  and  harrowed.  When  the  third  crop  is  ploughed  in,  the  land  is 
ready  for  a  crop  of  winter  corn* 

Von  Voght*  states  that  by  such  treatment  the  worst  shifiing  sands 
may  be  made  to  yield  remunerative  crops  of  rye— that  the  most  worth- 
less sands  are  more  improved  by  it  than  those  of  a  better  natural  qual- 
ity—that the  green  manuring  every  other  year  not  only  nourishes  suf- 
ficiently the  alternate  crops  of  rye,  but  gradually  enriches  the  soil'-^and 
that  it  increases  the  effect  of  any  other  manure  that  may  subsequently 
be  put  on.  He  adds,  also,  that  spurry  produces  often  as  much  improve- 
ment if  eaten  ofl^  by  cattle  as  ir  ploughed  in,  and  that  when  fed  upon 
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this  plaDt,  either  green  or  in  the  state  of  hay,  cows  not  only  give  noore 
milk,  but  of  a  richer  quality* 

2^.  fVhile  Lupins, — In  Italy,  and  in  the  south  of  France,  the  white 
lupin  is  extensively  cultivated  as  a  green  manure.  In  Germany,  also* 
Unas  been  found  to  be  one  of  those  plants  by  which  unfruitful  sandy 
soils  may  be  most  speedily  brought  into  a  prddnctive  state.  The  snpe- 
riority  of  this  plant  for  the  purpose  of  enriching  the  soil  depends  upon 
its  deep  roots,  which  descend  more  than  two  feet  beneath  the  surface— 
upon  its  being  little  injured  by  drought,  and  little  liable  to  be  attacked 
by  insects— on  its  rapid  growth— and  upon  its  large  produce  in  leayes 
and  stems.  Even  in  the  North  of  Germany  it  is  said  to  yield,  in  three 
and  a  half  to  four  months,  10  to  12  tons  of  green  herbage.  It  grows  in 
all  soils  except  such  as  are  marly  and  calcareous,  is  especially  partial 
to  such  as  have  a  ferruginous  sulisoil,  and  besides  enricning,  also  ajtcns 
stiflf  clays  by  its  strong  stems  and  roots. 

3°.  The  Vetch  is  inferior  in  many  of  its  qualities  to  the  white  Inpin*- 
vet  in  Southern  Germany  it  is  often  sown  on  the  stubble,  and  ploughed 
m  after  it  has  been  touched  with  the  frost,  and  has  begun  to  decay.  In 
England  also  the  winter  tare  ploughed  in  early  in  spring  has  been  found 
highly  advantageous.*  It  is  a  more  precarious,  however,  and  a  more 
expensive  crop  than  either  of  the  former,  and  requires  a  belter  soil  for 
its  successful  growth. 

4°.  Buck'  Wheat  is  also  too  uncertain  a  crop,  and  the  high  price  of 
its  seed  renders  it  inferior  in  value  to  spurry  on  sandy  soils.  It  is  su- 
perior to  this  latter  plant,  however,  on  poor  heaths.  In  Southern  Ger- 
many it  is  sown  on  the  stubble,  and  ploughed  in  when  it  is  18  or  20 
inches  high. 

5^.  Ra]^  can  only  be  sown  upon  a  soil  which  is  already  in  some 
measure  nch,  but  it  has  the  advantage  of  continuing  to  grow  very  late 
in  the  autumn,  and  of  beginning  again  very  early  in  spnng.  It  sends 
down  deep  roots  also,  and  loosens  clayey  soils  by  its  thick  stems.  Jn 
the  light  soils  of  Alsace  it  is  sown  after  early  peas  and  potatoes,  and 
manures  the  land  for  the  succeeding  crop  of  wheat  or  rye. 

6®.  Rye  is  pronounced  by  Von  voght  to  be  the  best  of  all  green  ma- 
nures for  sandy  soils,  but  it  is  also  the  most  expensive.  It  is  a  very 
sure  crop  and  begins  to  grow  very  early  in  the  spring,  but  it  is  not  deep 
rooted.  It  has  been  used  with  advantage  in  Northern  Italy  and  in  Ger- 
many. 

6°.  Turnips  have  been  sown  in  Sussex  with  good  effect  as  a  stubble 
crop  for  ploughing  in  in  spring,  and  in  Norfolk  and  elsewhere  the  por- 
tions of  die  turnip  bulbs  which  are  left  when  they  are  eaten  off  by  sheep 
contribute,  when  ploughed  in,  to  enrich  the  land  for  the  barley  that  is  to 
follow.  Turnip  tops  are  in  many  places  ploughed  in  with  much  benefit 
to  the  laod.f  Potatoe  tops  also  might  be  dug  or  ploughed  in  with  equal 
advantage. 

7^.  Borage  has  been  strongly  recommended  in  Germany,  and  especi-  ' 
ally  by  Lampadius.    It  is  stated  by  this  experimenter  that  borage  draws 
from  the  air  ten  limes  as  much  of  the  elements  of  its  organic  matter  as 
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k  doe8  fifoni  the  soil,  and  thai  therefore  it  is  admirably  fitted  for  enrich- 
ing the  land  on  which  it  grows. 

8^.  Red  Clover  is  often  ploughed  in  as  a  manure.  On  the  Rhine  it 
is  sown  for  this  purpose,  being  plouglied  in  before  it  begins  to  flower. 
In  French  Flanders  two  crops  of  clover  are  cut,  aod  the  third  ploughed 
hi,  and  in  some  parts  of  the  United  States  of  North  America  the  clover 
which  alternates  with  the  wheat  crop  is  ploughed  in  as  the  only  manure.* 
White  Clover  is  not  so  valuablie  for  this  purpose,  for  neither  is  it  so  deep 
rooted  nor  does  it  yield  so  large  a  crop  of  stems  and  leaves. 

9^.  Old  groM.— Perhaps  the  most  common  form  of  freen  manuring 
practised  in  this  country  is  that  of  ploughing  up  grass  Taods  of  various 
ages.  The  green  matter  of  the  sods  serves  to  manure  the  afieiwcrop, 
and  renders  the  soil  capable  of  yielding  a  richer  return  at  a  smaller  ex- 
pense of  manure  artificially  added. 

lo  regard  to  all  these  forms  of  greeti  mani^ring  it  is  to  be  observed  that 
they  enrich  the  soil  generally,  ar^  ane  therefore  well  fiued  to  prepare  it 
for  after-crops  of  com ;  the^  will  not  fit  it,  however,  for  a  special  crop, 
such  as  turnips,  which  requires  to  be  unnaturally  forced  or  pushed  for- 
ward at  a  particular  period  of  its  growth. 

§  4.  Will  green  manuring  alone  prevent  land  from  becoming  exhauMUd  ? 

If  bv  green  manuring  is  meant  the  growing  of  vegetable  matter  upon 
one  field,  and  ploughing  it  in  green  into  another,  as  is  sometimes  done* 
it  may  be  safely  said  that,  when  judiciously  practised,  land  may  by  that 
single  process  be  secured  for  an  indefinite  period  against  exhaustioo. 
But  if  we  plough  in  only  what  the  land  itself  produces,  and  carry  off  oc- 
casional crops  of  com,  the  time  will  ultimately  come  when  any  soil 
thus  treated  will  cease  to  yield  remunerating  crops.  A  brief  coosidera* 
tion  of  the  subject  will  satisfy  vou  of  this. 

Suppose  a  loose  sand  to  be  improved  by  repeatedly  sowing  and 
ploughing  in  crops  of  spurry  or  white  lupins,  the  green  leaves  and  stems 
fix  the  flmiting  elements  of  the  atmosphere,  and  enrich  the  soil  with  or- 
ganic matter,  while  the  roots,  more  or  less  deep,  bring  up  saline  matters 
to  the  surface,  and  thus  supply  to  the  plant  what  is  no  less  necessary  ts 
its  healthy  growth.  But  the  rains  yearly  wash  away  from  the  surface, 
and  the  com  crops  remove  a  portion  of  this  saline  matter.  This  portion 
the  crops  erown  for  the  purpose  of  green  manuring  yearly  renew  by 
fresh  supplies  from  beneath.  But  no  subsoil  contains  an  inexbaustibw 
store  of  those  saline  substances  which  plants  require.  Hence,  though  by 
skilful  green  manuring  waste  land  may  be  brought  to  a  remunerative 
state  or  fertility,  it  will  finally  relanse  again  into  a  state  of  nature,  if  no 
other  methods  are  subsequently  adopted  for  maintaining  its  productive- 
nese.  The  process  may  be  a  slow  one,  and  practical  men  may  bo  an- 
willing  to  believe  io  the  possibility  of  a  result  which  does  not  exhibit  it- 
self within  the  currency  of  a  single  lease,  or  during  a  single  life-time^- 
yet  few  thin^  are  more  certain  than  that  in  general  the  soil  must  saooer 
or  later  receive  supplies  of  «aZin6  manure  in  one  form  or  ano«her,  or  else 
must  ultimately  become  unproductive.  It  may  be  considered  as  a  proof 
of  this  fhct  that,  in  all  densely  peopled  countries  in  which  agricultarD 
has  been  skilfully  prosecuted,  the  manufacturing  of  such  manures  has 
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become  an  impoitaot  branch  of  bosioetSt  giving  employment  to  mttny 
hands,  and  afiording  an  investment  to  mudi  capital. 

The  following  table,  in  addition  to  other  particulars,  exhibits  the  rela- 
tive proportions  of  dry  organic  and  saline  matter,  capable  of  being  added 
to  the  surface  soil  by  a  few  of  those  plants  which  are  employed  for  the 
purposes  of  remanuring :— - 


Kind  of  Plant 


r  bite  Lupin 

Vetch 

Buck-wheat 
Rape  . 


pn)duc« 
per  Imp. 


6,500 
95,000 

11,000 

6,000 

\6flW 


in  the 


iathefreen 
Oifuiic    a 


199 
188 

333 
170 

314 


Oepchof 


31 
13 

17 
10 

16 


13  to  15 
34  to  361 


15  to  30 

13  to  15 

1 


Crapt 
in  a 
Tew. 


3or3 
orll 


3 

3 
lorli 


8oU  for  which  ihey  m 


Dry,  loose,  sandy. 
Any  except  marly  or 

calcareous. 
Strong  BoiL 

Dry,  sandy,  or  moorish. 
RichsoiL 


§  6.  or  ihepraetiee  of  green  manuring. 
In  the  practical  adoption  of  green  manuring  it  is  of  importanco  to 

1«.  That  a  sufficient  quantity  of  seed  must  be  sown  to  keep  the 

ground  well  covered,  one  of  the  attendant  advantages  of  stubble  crona 

f^**      ^    ^^  ^^®  ^*°^  ^*®^  and  prevent  it  from  becoming  apr^ 

2«.  That  the  plants  ought  to  be  mown  or  harrowed,  and  at  once 
p^u^had  m  hefirethey  came  tnto  Ml  Jl^er.  The  flower-leaves  «ve 
off  nitrogen  mto  the  air,  and  as  this  element  is  supposed  especiallv  to 
promote  the  «owth  of  plants,  it  is  desirable  to  retdn  as  mu^of  &  in 
the  plant  anaso.1  as  possible.  Another  reason  b  that,  if  allowed  hi 
{!JSi%Sdir       ^^^^^  ™*y^^  "^"^  ^^  afterwards  infest  the  land 

th-MLT*'^-?S"^*i^P«"^^'^?  *"  *°^^®  ^®P*  °f  3  or  4  inches  only. 
Ztt^T^^  covered  sufficiently  to  prevent  waste,  and  yet  be  within 
reach  of  the  air,  and  of  the  early  roou  of  the  succeeding  dbp. 

5  6.  (y  natwral  manuring  vntk  recent  vegetahU  tnaUer. 
Bendes  the  method  of  ploughing  in,  which  may  be  distinguished  as 
arhncialffteen  manunng.--there  is  another  mode  In  which  r^eni  veae- 
table  matter  is  employed  in  nature  for  the  purpose  of  enriching  the  sSU. 

X  u  lu"!  ^*?®?  ^^  ■°,**  ^'®  "P^°  "  meadow  or  pasture  leld,  and 
though  that  which  IS  above  the  surface  may  be  mowed  for  hay,  or  crop- 
ped  By  cattle,  yet  the  roote  remain  and  gradually  odd  to  the  quantity  of 

tent  with  all  the  artificial  com,  grass,  and  leguminou?  crops  we  crow. 

^r^S;,fiL^rr  '^'  "^  i"  i!'^  «^''  "^  if thfquantity  of  Kc^^^ 
ter  which  these  roote  contain  be  greater  than  that  which  the  crSpwe  car- 

7f  M.Zf!'^,f  ^^V^""  "^'t"^.^"'  "°^^^*^  ^^  exhausting,  the  gro^ 
of  this  crop  will  actually  ennch  the  soil  in  so  far  as  the  prt^nce  of  o^ 

SXS5?;rSS,  Nocrons,  perhaps,  ^.t^Mei^ffil'^^^^ 

U4:amed  off  the  field,  leave  a  sufficfent  mass  of  roots  behind  them  to  effect 
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this  end,  but  many  plants,  when  in  whole  or  in  part  eaten  upon  the  field, 
leave  enough  in  the  soil  aiaterially  to  improve  the  condition  of  the  land 
—while  in  all  cases  those  areconsidcred  as  the  least  exhausting,  to  which 
are  naturally  attached  the  largest  weight  of  roots.  Hence,  the  main 
reason  why  poor  lands  are  so  much  benefitted  by  being  laid  down  to 
grass,  and  why  an  intermediate  crop  of  clover  is  oAen  as  beneficial  to  the 
after-crop  of  corn  as  if  the  land  had  lain  in  naked  fallow.* 

An  interesting  series  of  experiments  on  the  relative  weights  of  the 
roots  and  of  the  green  leaves  and  stems  of  various  grasses,  made  by 
Hlubek,f  throws  considerable  light  upon  their  relative  efiScacy  in  en- 
riching the  soil  by  the  vegetable  matter  they  diffuse  through  it  in  the 
form  of  roots.  The  grasses  were  grown  in  beds  of  equal  size  (180  square 
feet),  in  the  agricultural  garden  at  Laybacb,  and  mown  on  the  fourth 
year  after  sowing,  just  as  they  were  coming  into  flower.  The  roots  were 
then  carefully  taken  up,  washed,  and  dried.   The  results  were  as  follows : 

Produce  In    Ftoiluce  In  Roofs.  ^^^ 

KlndofGraM.                           / * \       /- ^ %  to  100  lbs. 

Grass.     H»y.        Fresh.    Dry.  of  Bay. 
1.  Festuca  Elatior— 7W  Fescue-grass     124  lbs.  36  lbs.  56  lbs.  22  lbs.  61  lbs. 

3.  FestxicaLOyinh^Skeep^s  Ji^gscue-grass,    90         30         ->        dO  266 

3.  ¥h\eam  Fnlbtnne—TSmotky-grass,       90         25         56         17  60 
4(.  Daetylis  Glomerata— i^^w^A  Cock's- 

M, 202        67        —        221  33 

6.  Lolium    Pcrenne — Perenmal  Bife- 

grass, 50         17        —         60  300 

6.  AlopecurusPratensis-ilf^a^tfiojPar- 

teS, 106        35        —        24         70 

7.  Triticom  Repens — Creeping  Couch 

or  Quuken-grass 120         60         ~         70        116 

8.  FotL  Axmxui-' AnmuUMeadoie-grass,     —         —        —         —        111 

9.  Bromus  Mollis  and  Racemosus — 

Soft  and  smooth  Brvme-grass,  —         —         —         —        165 

10.  Anthozantham  Odoratum — Sweet- 

scented  VemairgrasSj     ...—         —         __  93 

A  mixture  of  white  clover,  of  ribwort,  of  hoary  plantain,  and  of  couch- 
grass,  in  an  old  pasture  Held,  gave  400  lbs.  of  dry  roots  to  100  lbs,  of  hay 
•^andjn  a  clover  field,  at  the  end  of  the  second  year,  the  fresh  roots 
were  equal  to  one*third  of  the  whole  weight  of  green  clover  obtained  at 
three  cuttings— one  in  the  first,  and  two  in  the  second  year— while  in 
the  dry  state  there  were  56  lbs.  of  dry  roots  to  every  100  lbs.  of  clover  hay 
which  had  been  carried  oflT. 

The  fourth  column  of  the  above  table  shows  how  large  a  quantity  of 
vegetable  matter  some  of  the  grasses  impart  to  the  soil,  and  yet  how  un- 
like the  difiereot  grasses  are  in  this  respect.  The  sheep's-fescue  and 
the  perenmal  rye-grass— besides  the  dead  roots,  which  detach  them- 
aelvee  from  time  to  time— leave,  at  the  end  of  the  fourth  year,  a  weight 
of  Uwng  roots  in  the  soil  which  is  equal  to  three  times  the  produce  of 
that  year  in  hay.  If  we  take  the  mean  of  all  the  above  grasses  as  an 
average  of  what  we  may  foirly  expect  in  a  grass  field — ^then  the  amoutU 

*  If  lh«  Ibiffl-trop  b«  ploogb«d  in,  tho  land  Is  aotually  eatichtd^SOwertx, 
t  Sfnt^arteng  dkr  I^lmmen,  p.  460. 
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of  living  roots  leftinOiewU  when  afowr-year-old  gm$s  field  U  ploughed 
up,  wiSbe  tqufd  to  one-sixth  more  than  the  toeight  of  that  yearns  crop. 

In  ao  old  pasture  or  meadow  field  agaio,  when  ploughed  up,  the 
living  roots  left  are  equal  to  four  times  the  weight  rfthai  fear^s  hay  crop. 
If  a  ton  and  a  half  of  bay  have  heeo  reaped — then  about  cix  tone  of  dry 
veeetable  matter  remain  in  the  soil  in  the  form  of  roots. 

In  the  case  of  clover,  at  the  end  of  the  second  year  the  qoamify  of 
dry  vegetable  matter  left  in  the  form  of  roots  is  equal  to  upwaidsof  one- 
half  the  weight  of  the  whole  hay  which  the  clover  has  yielded.  Sup^ 
pose  there  be  three  cuttings,  yielding  4  ions  of  hay,  then  2  Urns  of  dry 
vegetable  nuUter  are  added  to  (he  soil  in  the  form  ofroots^  when  (he  ctofoer 
stubbU  is  ploughed  up. 

But  the  quantity  of  roots,  like  that  of  ereen  produce,  is  dependent 
upon  a  variety  of  circumstances.  It  will  sometimes,  therefore,  be 
greater  and  sometimes  less  than  is  above  stated.  It  may  be  received 
as  a  rule— not  without  exceptions  perhaps,  yet  still  as  a  eeneral  rule- 
that  whatever  causes  an  inereased  produce  above  ground,  will  cause  a 
corresponding  increase  in  the  growth  of  roots.  Thus  nitrate  of  soda, 
which  gives  us  a  larger  yield  of  hay,  makes  the  roots  also  stronger  and 
deeper,  and  the  sward  tougher  and  more  difficult  to  plough  {Appendix^ 
No.  III).  Hence  it  is  that  the  farmer  is  anxious  that  bis  clover  crop 
should  succeed,  not  merely  for  the  increased  amount  of  green  food  or  of 
hay  it  will  give  him,  but  because  it  will  secure  him  also  a  better  after- 
crop of  corn. 

This  burying  of  recent  vegetable  matter  in  the  soil;  in  the  form  of 
living  and  dead  roots  of  plants,  is  one  of  those  important  ameliorating 
operations  of  nature  which  is  always  to  some  extent  going  on,  where- 
ever  vegetation  proceeds.  It  is  one  by  which  the  practical  man  is  often 
benefitted  unawares,  and  of  which — too  often  without  understanding  the 
source  from  whence  the  advantage  comes — ^he  systematically  avails 
lilinself  in  some  of  the  most  skilful  steps  be  takes  with  a  view  to  the  im- 
provement of  his  land. 

§  7.  Improvement  of  the  soil  by  laying  down  to  grass* 

One  of  the  most  common  of  these  methods  of  improvement  is  that 
of  laying  down  to  grass.  This  may  bo  done  for  two,  three,  or  fotxr 
years  only,  or  for  an  indefinite  period  of  rime.  In  the  latter  case,  the 
land  is  said  to  be  Imd  down  permanently,  or  to  permanem  pasture. 

1°.  Temporary  pasture  or  m^adow.^^U  the  land  t>e  sown  with  grass 
and  clover-seeds,  only  as  an  ahernate  crop  between  two  sowings  of  corn, 
the  efl^t  is  fully  explained  by  what  has  been  already  stated  (§  6). 
-The  roots  which  are  loft  in  the  soil  enrich  the  surface  with  both  organic 
«nd  inorganic  matter,  and  thus  fit  it  for  bearing  a  4>etter  after-crop  of 
"com. 

if,  again,  it  be  left  to  srass  for  three  or  five  yean,  the  same  efi^t  Is 
produced  mere  fully,  and  therefore  this  longer  rest  fitmi  com  is  better 
^ted  -for  eoils  wl>ich  are  poor  in  vegetable  matter.  The  qaantityaf 
organiG  ntatter  which  has  accumulated  becomes  greater  every  year,  in 
consequence  of  the  annual  death  of  stems  and  roots,  and  of  the  soil  being 
more  closely  covered,  but  this  increase  is  probably  nevct  in  any  one  • 
after-year  equal  to  that  which  takes  place  during  the  firat.     The  qnwi- 
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ttty  of  rooto  whidi  is  psoduced  during  the  firet  year  of  the  young  plaais* 
growth  must,  we  may  reasonably  suppose,  be  greater  than  can  ever 
afterwards  be  necessary  in  an  equal  space  of  time.  Hence,  one  good 
year  of  grass  or  clover  will  enrich  the  soil  more  in  provortion  to  (he  dfM 
txpemded^  than  a  rest  of  two  or  three  years  in  ^ass,  ifanmudly  mowed* 

Or,  if  instead  of  being  mown,  the  produce  in  each  case  be  eaten  off 
by  slock,  the  result  will  be  the  same.  That  which  lies  longest  will  be 
the  richest  when  broken  up,  but  not  in  an  equal  proportbn  to  the  time 
it  has  lain.  The  produce  of  green  parts,  as  well  as  of  roots,  in  the  ar- 
tificial grasses,  is  generally  greatest  during  the  first  year  aAer  they  are 
sown,  and  therefore  the  manuring  derived  from  the  droppings  of  the 
stock,  as  well  as  from  the  roots,  will  be  greatest  in  proportion  during  the 
first  year.  That  farming,  therefi>re,  is  most  economical— where  the 
land  will  admit  of  it — which  permits  the  clover  or  grass  seeds  to  occupy 
the  land  for  one  year  only. 

But  if,  after  the  first  year's  hay  is  removed,  the  land  be  pastured  for 
two  or  three  years  more,  it  is  possible  tliat  each  succeeding  year  may 
enrich  the  surface  soil  as  much  as  the  roots  and  stubble  of  the  first 
year's  hay  had  done ;  so  that  if  it  lay  three  years  it  might  obtain  three 
times  the  amount  of  improvement.  This  is  owing  to  the  circumstance 
that  the  whole  produce  of  the  field  remains  upon  it,  except  what  is  car- 
ried off  by  the  stock  when  removed— -but  very  much,  it  is  obvioust  will 
depend  upon  the  nature  of  the  soil,  and  upon  the  selection  of  the  seeds 
being  such  9s  to  secure  a  tolerable  produce  of  green  food  during  the 
secoad  and  third  years^ 

2°.  PermoMtU  pasture  or  me^ubws — ^But  when  land  is  laid  down  to 
permanent  grass  it  undergoes  a  series  of  further  changes,  which  have 
frequently  arrested  atteniion,  and  which,  though  not  difficult  to  be  un- 
derstood, have  often  appeared  mysterious  and  perplexing  to  practical 
men.    Let  us  consider  these  changes. 

a.  When  grass  seeds  are  sown  for  the  purpose  of  forming  a  perma- 
nent sward,  a  rich  crop  of  grass  is  obtained  during  the  first,  and  per- 
haps also  the  second  year,  but  the  produce  after  three  or  four  years  les- 
sens, and  the  value  of  the  pasture  diminishes.  The  plants  generally 
die  and  leave  blank  spaces,  and  these  again  are  slowly  filled  up  by  the 
•prouting  of  seeds  of  other  species,  which  have  either  lain  long  buried 
in  the  soil  or  have  been  brought  thither  by  the  winds. 

This  first  change,  which  is  almost  universally  observed  in  fields  of 
artificial  grass,  arises  in  part  from  the  change  which  the  soil  itself  has 
undergone  during  the  few  years  that  have  elapsed  since  the  grass  seeds 
were  sown,  and  in  part  from  the  species  of  grass  selected  not  oeing  such 
as  the  soil,  at  any  time,  could  permanently  sustain. 

b.  When  this,  deterioration,  arising  from  the  dying  out  of  the  sown 
grasses,  has  reached  its  utmost  point,  the  sward  begins  gradually  to  im- 
prove, natural  grasses  suited  to  the  soil  spring  up  m  the  blank  places, 
and  from  year  to  year  the  produce  becomes  greater  and  greater,  and  the 
land  yielcb  a  more  valuable  pasture.  Practical  men  often  say  that  to 
this  improvement  there  are  no  bounds,  and  that  the  older  the  pasture 
the  more  valuable  it  becomes. 

But  this  is  true  only  within  certain  limits.  It  may  prove  true  for  the 
entire  currency  of  a  lease,  or  even  for  the  lifetime  of  a  single  observer, 
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but  it  is  not  generally  true.  Even  if  pastured  by  stock  only  and  never 
mown,  the  improvemeut  will  at  length  reach  its  limit  or  highest  point, 
and  from  this  time  the  value  of  the  sward  will  be^in  to  diminish. 

c.  This,  again,  is  owing  to  a  new  change  which  has  come  over  the 
soil.  It  has  become,  in  some  degree,  exhausted  of  those  substances 
which  are  necessary  to  the  growth  of  the  more  valuable  grasses— less 
nutritive  species,  therefore,  and  such  as  are  less  willingly  eaten  by  cattle, 
take  their  place. 

-  Such  is  the  almost  universal  process  of  change  which  old  grass  fields 
undergo,  whether  they  be  regularly  mown  or  constantly  pastured  only-— 
provided  they  are  left  entirely  to  themselves.  If  mown  they  begin  to 
fail  the  sooner,  but  even  when  pastured  they  can  be  kept  in  a  state  of 
full  productiveness  only  by  repeated  top-dressings,  especially  of  saline 
manure— that  is,  by  adding  to  the  soil  those  substances  which  are  neces- 
sary to  the  growta  of  the  valuable  grasses*  and  of  which  it  suffers  a 
yearly  and  unavoidable  loss.  Hence,  the  rich  grass  lands  of  our  fathers 
are  found  now  in  too  many  cases  to  yield  a  herbage  of  little  value. 
Hence,  also,  in  nearly  all  countries,  one  of  the  first  steps  of  an  improv- 
ing agriculture  is  to  plough  out  the  old  and  failing  pastures,  and  either  to 
convert  them  permanently  into  arable  fields,  or,  after  a  few  years*  crop- 
pine  and  manuring,  again  to  lay  them  down  to  grass. 

But  when  thus  ploughed  out,  the  surface  soil  upon  old  grass  land  is 
found  to  have  undergone  a  remarkable  alteration.  When  sown  with 
grass  seeds,  it  may  have  been  a  stiflT,  more  or  less  grey,  blue,  or  yellow 
clay—when  ploughed  out  it  is  a  rich,  brown,  generally  light  and  friable 
vegetable  mould.  Or  when  laid  down  it  may  liave  been  a  pale-coloured, 
red,  or  yellow  sand  or  loam.  In  this  case  the  surface  soil  is  still,  when 
turned  up,  of  a  rich  brown  colour — it  is  lighter  only  and  more  sandy 
than  in  the  former  case,  and  rests  upon  a  subsoil  of  sand  or  loam  instead 
of  one  of  clay.  It  is  from  the  production  of  this  change  that  the  im- 
,  provement  caused  by  laying  land  down  to  crass  principally  results.  In 
what  does  this  change  consist?  and  how  is  it  effected  ? 

If  the  surface  soil  upon  stiff  clay  lands,  which  have  lain  long  in  grass, 
be  chemically  examined,  it  will  be  found  to  be  not  only  much  richer  iu 
organic  matter,  but  often  also  poorer  in  alumina  than  the  soil  which 
formed  the  surface  when  the  grass  seeds  were  first  sown  upon  it.  The 
brown  mould  which  forms  on  lighter  lands  will  exhibit  similar  difieren- 
ces  when  compared  with  the  soil  on  which  it  rests ;  but  the  proportion 
of  alumina  in  the  latter  being  originally  small,  the  difierence  id  respect 
to  this  constituent  will  not  be  so  perceptible. 

The  effect  of  this  change  on  the  surface  soil  is  in  all  cases  to  make  it 
more  rich  in  those  substances  which  cultivated  plants  require,  and  there- 
fore more  fertile  in  com.  But  strong  clay  lands  derive  the  further  im- 
portant benefit  of  being  rendered  more  loose  and  friable,  and  thus  more 
easily  and  more  economically  cultivated. 

The  mode  in  which  this  change  is  brought  about  is  as  follows:— 

1°.  The  roots,  in  penetratinff,  open  and  loosen  the  subjacent  stiff  clay. 
Diffusing  themselves  every  where,  they  gradually  raise,  by  increasing 
the  bulk,  of  the  surface  soil.  The  latter  is  thus  converted  into  a  mix- 
ture of  clay  and  decayed  roots,  which  is  of  a  dark  colour,  and  is  neces- 
sarily more  loose  and  friable  than  the  original  or  subjaoent  unmixed  clay. 
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2^.  But  thif  admixture  of  roots  efiectt  the  chemical  composition  as 
well  as  the  state  of  ag^gation  of  t}ie  soil.  The  roots  and  stems  of  the 
grasses  contain  much  inorganic— earthy  and  saline—matter  (Lee.  IX., 
%  1),  which  is  gathered  from  beneath,  wherever  the  roots  penetrate,  and 
IS  by  them  sent  upwards  to  the  surface.  A  ton  of  hay  contains  abont 
170  lbs.  of  tills  inorganic  matter  (Lec«  X.,  §3).  Suppose  the  roots 
to  contain  as  much,  and  that  the  total  aomial  produce  of  grass  and  roots 
together  amounts  to  four  tons,  then  aboot  680  lbs.  of  saline  and  earthy 
matters  are  every  year  worked  up  by  the  living  plants,  and  in  a  great 
measure  permanently  mixed  with  the  snrfiice  sou.  Some  of  this,  no 
doubt,  is  carried  off  by  the  cattle  that  feed,  and  by  the  rains  tliat  fall, 
upon  the  land— «ome  remains  in  the  deeper  roots,  and  some  is  a^in, 
year  after  year,  employed  in  feeding  (he  new  growth  of  grass— still  a 
sufficiem  Quantity  is  every  season  brought  up  from  beneath,  gradually 
to  enrich  tne  sur&ce  with  valuable  inorganic  matter  at  the  expense  of 
the  soil  below. 

3*^.  Nor  are  mechanical  agencies  wanting  to  increase  this  natural 
difference  between  the  surface  imd  the  under  soils.  The  loosening  and 
opening  of  the  clay  lands  by  the  roots  of  the  grasses  allow  the  raias 
more  easy  access.  The  rains  gradually  wash  out  the  fine  particles  of 
day  that  are  mixed  with  the  roots,  and  carry  them  dowowaids,  as  they 
sink  towards  the  subeoiL  Hence  the  bmwn  mould,  as  it  forms,  is  slow- 
ly robbed  of  a  portion  of  its  alumina,  and  is  rendered  more  open,  while 
tne  under  soil  becomes  even  stiffer  than  before.  This  sinking  of  the 
alumina  is  in  a  great  measure  arrested  when  the  soil  becomes  covered 
with  so  thick  a  sward  of  grass  as  to  break  the  force  of  the  rain*drops  or 
of  the  streams  of  water  by  which  the  land  is  periodically  visited. 
Hence  the  sml  of  some  rich  pastures  contains  as  much  as  10  or  13,  of 
others  as  little  as  2  or  3  per  cent,  of  alumina* 

4^.  The  winds  also  nere  lend  their  aid.  From  the  naked  arable 
lands,  when  the  weather  *8  dry,  every  Uast  of  wind  carries  off  a  portion 
of  the  dust.  This  it  suffers  to  fall  again  as  it  sweeps  along  the  surlaee 
of  the  grass  fields — the  thick  sward  arresting  the  particles  and  sifting  the 
air  as  it  passes  through  them.  Eveiywhere,  even  to  reoMite  districts, 
and  to  great  elevations,  the  winds  bear  a  constant  tfmoZI  burden  of  earthy 
matter;*  but  there  are  few  practical  agriculturists  who,  dnring  our  hinh 
winds,  have  not  occasionally  seen  the  soil  carried  off  in  large  quantities 
from  their  naked  fields.  17 {xm  the  neighbouring  grass  lands,  this  toil 
falls  as  a  natural  top-dressing,  by  which  the  teztnie  of  the  snrfaee  is 
gradual^  changed  aiid  iu  chemical  constitution  altered. 

5°.  Another  important  agency  also  most  not  be  overlooked.  In  grass 
lands  insects,  ana  especiialy  earth-worms,  abound.  These  almost 
nightly  ascend  to  the  surfoce.  and  throw  out  portions  of  finelyrdivided 
earthy  matter.  On  a  close  shaven  lawn  the  quantity  thus  spread  over 
the  surface  in  a  single  nieht  often  appears  surprising.  In  the  lapse  of 
years  the  accumulation  of  the  soil  from  this  cause  must,  on  old  pasture 
neldsv  be  very  great*    It  has  often  attracted  the  attention  of  practical 
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men,*  and  8o  striking  has  it  apfieared  to  sonie,  that  they  have  been  in- 
clincMl  to  attribute  to  the  slow  but  constant  labour  of  these  insects,  the 
entire  ibrmation  of  the  fertile  surface  soils  over  large  tracts  of  country. f 

I  have  directed  your  attention  to  these  causes  chiefly  in  explanation 
of  the  changes  which  by  lone  lying  in  grass  the  surface  of  our  stiff  clay 
lands  is  found  to  undergo,  cut  they  apply  equally  to  other  soils  also— 
the  only  diflfereoce  being  that,  in  the  case  of  such  as  are  already  light 
and  open,  the  change  of  texture  is  not  so  great,  and  therefi>re  does  not  ao 
generally  arrest  the  attention. 

Upon  this  subject  I  may  trouble  yon  further  with  two  practical  remarks : 

l^'.  That  the  richest  old  grass  lands— those  which  have  remained 
longest  in  a  fertile  condition— «re  generally  upon  our  strongest  clay  soils 
(the  Oxford  and  Lias  clays,  Lee.  XL,  §  8).  This  is  owing  to  the 
fact  that  such  soils  naturally  contain,  and  by  their  comparative  imper- 
meability r«-tain,  a  larger  store  of  those  inorganic  substances  on  which 
the  valuable  grasses  live.  When  the  surface  soil  becomes  deficient  in 
any  of  these,  the  roots  descend  further  into  the  subsoil  and  bring  up  a 
fresh  supply.  But  these  grass  lands  are  not  on  this  account  exempt 
from  the  law  above  explained,  in  obedience  to  which  all  pastured  lands, 
when  left  to  nature,  must  ultimately  beoome  exhausted.  They  must 
eventually  beoome  poorer ;  but  in  their  case  the  deterioration  will  be 
slower  and  more  distant,  and  by  judicious  top-dressings  may  be  still 
longer  protracted. 

2^.  The  natural  changes  which  the  surface  soil  undergoes,  and  esne- 
cially  upon  olay  lands  when  laid  down  to  grass,  explain  why  it  is  so  dif- 
ficnlt  to  procure,  by  means  of  artificial  grasses,  a  sward  equal  to  that 
which  grows  naturally  upon  old  pasture  lands.  As  the  soil  changes 
upon  our  artificial  pastures,  it  becomes  better  fitted  to  nourish  other  spe- 
cies of  gi^ass  than  those  which  we  have  sown.  These  naturally  spring  . 
up,  therefore,  and  cover  the  soil.  But  these  intruders  are  themselves 
not  destined  to  be  permanent  possessors  of  the  land.  The  soil  under- 
goes a  further  change,  and  new  species  again  appear  upon  it.  We  can- 
not tell  how  often  different  kinds  of  grass  thus  succeed  each  other  upon 
the  soil,  but  we  know  that  the  final  rich  sward  which  covers  a  grass  field 
when  it  has  reached  its  most  valuable  condition,  is  the  result  of  a  long 
series  of  natural  changes  which  time  only  can  bring  about. 

The  soil  c^an  old  pasture  field,  which  has  been  ploughed  up,  is  made 
t<f  undeirgo  an  important  change  both  in  texture  and  in  chemical  constitu- 
tion, before  it  is  again  laid  down  to  grass.  The  same  grasses,  therefore, 
which  previously  covered  it  will  no  longer  flourish,  even  when  they  are 
sown.  Hence  the  unwillingness  felt  by  practical  men  to  plough  up 
their  old  pastures— but  hence,  also,  the  benefit  which  results  from  the 
breaking  up  of  such  as  are  old,  worn  out,  or  covered  with  unwholesome 
grasses.  When  again  converted  into  pasture  land,  new  races  appear, 
and  a  more  nourishing  sward  is  produced 4 

*  The  permaneDce  of  a  fiD6  carpeting  of  rich  tweet  graaa  npoD  a  portion  of  lilt  fkrm  is  m- 
crfbed  Onr  Mr.  Purdie)  to  ^  the  spewinn  of  Che  worms,  apperentjy  Immensely  namerous, 
whiehloeessaadyaet asartobtop-dre«anf."--/¥(se lisBoyt e/lAe  Atf^Ueiitf i^^  I., p.  191. 
.     t  OeoUtgieai  Tranneiiem,  ^ 

I  For  an  ezoellent  article  on  Oie  soperlor  feeding  qoaHUes  of  reoenC  artUteM  gnasee  over 
nany  oldjMstiire  lands,  by  Mr.  BosweU,  of  KingcaMsie,  see  Oie  QHortcrfy  Jtmmoi  ^AgH- 
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§  8.  Improvement  of  the  soil  hy  the  planting  of  iree$. 

It  has  long  been  observed  by  practical  men,  that  when  poor,  thin,  un- 
productive soils  have  been  for  some  time  covered  with  wood,  their  quality 
materially  improves.  In  the  intervals  of  the  open  forest,  they  will  pro- 
duce a  valuable  herbage— K>r  when  cleared  of  trees  they  may  for  some 
time  be  made  to  yield  profitable  crops  of  corn. 

This  fact  has  been  observed  in  almost  every  country  of  Europe,  but 
the  most  precise  observations  upon  the  subject  with  which  I  am  ac- 
nuaioted  are  those  which  have  been  made  in  the  extensive  plantations  of 
the.  late  Duke  of  Athol.  These  plantations  consist  chiefly  of  white 
larch  {Larix  Europaa),  and  grow  upon  a  poor  hilly  soil,  resting  on 
gneiss,  mica-slate,  and  clay-slate  (Lee.  X(.,  }  8).  Id  six  or  seven  years 
the  lower  branches  spread  out,  become  interlaced,  and  completely  over- 
shadow the  ground.  Nothing,  therefore,  grows  upon  it  till  the  trees  are 
24  years  old,  when  the  spines  of  the  lower  branches  beginning  to  fall, 
the  first  coi^iderable  thiniiog  takes  place.  Air  and  light  being  thus 
re-admitted,  grasses  (chiefly  holcu$  moUis  and  lanatue)  spring  up,  and  a 
fine  sward  is  gradually  produced.  Tlie  ground,  which  previously  was 
worth  only  9d.  or  Is.  per  acre  as  a  sheep  pasture,  lU  the  end  of  30  years 
becomes  worth  from  7s.  to  10s.  per  acre. 

The  soil  on  this  part  of  the  Duke's  estate  Is  especially  propitious  to 
the  larch— and,  therefore,  this  tree  both  thrives  best  and  m  the  greatest 
dflftree  improves  the  soil.  Thus  in  oak  copses,  cut  every  94  years,  the 
soil  becomes  worth  only  5s.  or  6s.  per  acre,  and  this  dunng  the  last  six 
years  only.  Under  an  ash  plantation,  the  improvement  amounts  to  2s. 
or  3s.  per  acre;  under  Scotch  fir,  it  does  not  exceed  6d.  an  acre-— while 
under  spruce  and  beech  the  land  is  worth  less  than  before.* 

The  main  cause  of  this  improvement,  as  of  that  which  is  produced  by 
laying  down  to  grass,  is  to  be  found  in  the  natural  manuring  with  recent 
vegetable  matter,  to  which  the  soil  year  by  year  is  so  long  subjected. 
Trees  diflfer  from  grasses  only  in  this,  that  while  the  latter  enrich  the 
aotl  both  by  their  roots  and  by  their  leaves,  the  former  manure  its  surface 
only  by  the  leaves  which  they  shed. 

The  leaves  of  trees,  like  those  of  grasses,  contain  mqch  ioorffanlc  mat- 
ter, and  this  when  annually  spread  upon  the  jground  slowly  Qdds  to  the 
depth  as  well  as  to  the  richness  of  the  soil.  Thus  the  leaves  of  the  (bl- 
lowing  trees,  when  dried  in  the  air,  contain  respectively  of  inorga^ 
ipatterf :—  • 


Oak  . 
Ash  . 
Beech  . 
Bif€h  . 
Efan 
Willow 
White  Larch 
Scotch  Fir   , 
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la  looking  at  the  difierences  among  these  nambenii  especially  in  the 

*  Mr.  atepheos  in  the  Tranmirtiona  of  th$  BighlctnA  Soeiefjft  zi.,  p.  yaH;  also  l^oqdoQ't 
fimfdapadiaffAgHeuUurUt  p.  1346. 
t  %ir«ugel,  Ckemie  fur  Landrnfriht^  i).,  paaslm. 
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case  of  the  elm  and  of  the  Scotch  fir— one  woold  %ittrally  suppose  that 
the  diversity  of  their  effects  in  improving  the  laiffis  in  some  measure 
to  be  ascribed  to  the  quantity  and  kind  of  the  inorganic  matter  which 
the  leaves  of  these  several  trees  contain.  And  to  this  cause,  do  doubt, 
some  efiect  is  to  be  ascribed  in  localities  tohere  aU  the  trees  thrive 
equally. 

But  upon  the  quantity  of  leaves  produced,  as  mnch  in  general  will 
depend,  as  upon  the  relative  proportions  of  organic  and  inorganic  mat- 
ter which  these  leaves  may  respectively  contain.  And  as  the  quantity 
of  leaves  b  always  greatest  where  the  tree  flourishes  best  or  finds  a  most 
propitious  soil-^he  improvement  of  the  soil  itself,  by  an^  particular 
tree,  will  be  always  in  a  great  measure  determined  by  its  fimess  to  pro- 
mote the  growth  of  that  kind  of  tree. 

On  the  soil  planted  by  the  Duke  of  Athol,  the  larch  shot  op  luzuri- 
atHly,  wliile  the  Scotchnr  lingered  and  languished  in  its  growth.  Thus 
the  quantity  of  leaves  produced  and  annually  shed  by  the  former  was 
vastly  greater  than  by  the  latter  tree.  Had  the  Scotch  fir  thriven  better 
than  the  larch,  the  reverse  might  have  been  the  case,  and  the  value  of 
,  the  soil  might  have  been  increased  in  a  greater  proportion  by  planta- 
tions of  the  former  tree. 

Other  special  drcomstances  also  will  account  for  the  relative  degrees 
of  improvement  produced  by  the  larch  and  by  some  of  the  other  trees 
for  example,  the  oak.  In  the  oak  copse  the  soil  in  16  years  become 
worth  6s.  or  8s.  an  acre.  If,  therefore,  instead  of  being  cut  down  for 
their  bark  at  the  end  of  24  years,  the  trees  had  been  allowed  to  grow  up 
into  an  oak  forest,  the  permanent  improvement  of  the  pasture,  even  on 
this  soil,  would  probably  have  been  at  least  as  great  as  under  the  lardi. 
.The  above  experiments,  therefore,  are  in  reality  not  so  decisive  in  re- 
gard to  the  relative  improving  power  of  the  several  species  of  trees  as 
they  at  first  sight  appear.  The  most  rational  natural  rule  by  which 
our  practice  should  be  guided  seems  to  be  contained  in  these  three  pro- 
positions— 

1^.  That  the  soil  will  be  most  improved  by  those  trees  which  thrive 
best  upon  it. 

2^.  Among  those  which  thriTe  equally,  by  such  as  yield  the  largest 
produce  of  leaves,  and— 

3°.  Among  such  as  yield  an  e<]oal  weight  of  leaves,  by  those  whose 
Mbves  contain  the  largest  proportion  of  inorganic  matter-^which  bring 
up  from  beneath,  that  is,  and  spread  over  the  surface  in  largest  quantity, 
the  materials  of  a  fertile  soil. 

The  mode  in  which  the  lower  branches  of  the  larch  spread  out  and 
overshadow  the  surface  is  not  without  its  influence  upon  the  ultimate 
improvement  which  the  soil  exhibits. '  Ail  vegetation  being  proveoted, 
the  land,  besides  receiving  a  yearly  manure  of  vegetable  mould,  is  made 
Iq  lie  for  upwards  of  20  years  in  uninterrupted  naked  fallow.  It  is 
sheltered  also  from  the  beating  of  the  rain  drops,  which  descend  slowly 
and  gently  upon  it,  bearing  principles  of  fertility  instead  of  wadiing  out 
'die  valuable  saline  substances  it  may  contain. 

Beneath  the  overshadowing  branches  of  a  forest,  the  soil  is  also  pro- 
tected fVom  the  wind,  and  to  this  protection  Sprengel  attributes  much 
of  that  rapid  improvement  so  generally  experienced  where  lands  are 


MANURIlfd  WITH  8CA-WEED.  431 

covered  with  wood.«The  winds  bear  along  particles  of  earthy  matter* 
which  they  deposit  again  in  the  still  forests;  and  thus  gradually  form  a 
soil  even  on  the  most  naked  places.  This  slow  general  cause  of  accu- 
mulation may  not  be  without  its  effect,  and  should  not  be  forgotten,  but 
it  evidently  afibrds  no  explanation  why,  in  the  same  range  of  country, 
the  soil  which  is  eovered  by  forests  of  one  kind  should  improve  more 
rapidly  than  those  which  are  sheltered  by  trees  of  another  species. 

§  9.  Oftheu8€of  sea-weed  cu  a  manure. 

Among  green  manures  of  great  value  and  extensive  application  there 
remains  to  be  noticed  the  sea-weed  or  sea-ware  of  our  coasts.  The 
marine  plants  of  which  it  consists  diiier  from  the  green  vegetables  grown 
upon  land,— 

1<*.  By  the  greater  rapidity  with  which  they  undergo  decay.  Wh^n 
laid  as  top-dressings  upon  the  land  they  melt  down,  as  it  were,  and  in  a 
short  time  almost  entirely  disappear.  Mixed  with  soil  into  a  compost 
or  with  quick-lime,  they  speedily  crumble  down  into  a  black  earth,  ia 
which  little  or  no  trace  of  the  plant  can  be  perceived. 

2^.  By  the  greater  proportion  of  saline  or.  other  inorganic  matter 
which  these  plants,  in  their  dry  state,  contain,  h  is  these  substances 
which  are  obtained  in  the  form  of  kelp  when  dry  sea-weeds  are  burned 
in  the  air. 

We  have  seen  (Lee.  X.,  §  3),  that  the  quantity  of  ash  lefl  by  1000  lbs.  of 
our  more  usually  cultivated  grasses,  in  the  dry  state,  varies  from  5  to 
nearly  10  per  cent.,  but  the  Jttats  vedculosm^  which  is  reckoned  the 
most  valuable  for  the  manufacture  of  kelp,  gives  upwards  of  160  lbs.  of 
ash  from  1000  lbs.  of  the  dry  plant.  This  asn,  according  to  FagerstrQpa, 
consists  of— 

Gypsum      .     .     .    , 63*4  lbs* 

Carbonate  of  Lime 34*1** 

Iodide  of  Sodium 2-7  ** 

Other  Salts  of  Soda 39-9^ 

Silica,  Oxide  of  Iron,  and  earthy  Phosphates,  31*1  ** 

161-2t 
This  ash  contains  less  potash,  but  more  soda  and  gypsum,  than  those 
of  the  grasses  (Lee.  X.,  §  3),  and  hence,  as  you  will  readily  understa«i, 

*  866  note,  p.  427. 

t  BerxeHu*  AraberHtteb^  18M.  p.  226.— If  we  compare  the  compoalUoii  of  thla  asli  with 
tb^t  ofthe  Mvenl  ▼arleties  offaqi,  gfren  in  page  3G6,  it  will  be  aeeni  to  dlflfer  from  ihem  ver/ 
eoiwMerablj.  Bat  kelp  ia  always  manufactured  from  a  mixture  or  differeut  plants  in  try- 
ing propoTtioiM,  and  hence  one  cause  ofthe  diversity  of  eompoaftion  among  diflbrent  sam- 
ples of  this  substance. 

Sprengel  states  (i>Artf  v««n  i>«n;er,  p.  277),  that  thejucut  ve»iculonta  contains  only  16 
per  cent  of  water.  I  do  not  know  whether  this  Is  the  result  of  ezperimeota  of  his  own,  bat 
I  h«Te  not  introduced  it  into  the  text,  because  it  appeaipto  me  Inconsistent  with  the  remark* 
able  manner  In  which  sea- weed  ahrivels  up  when  dried,  and  with  ita  little  permanence  as  a 
manure.  *<  If  an  acre  of  htnd  is  completely  covered  with  it.  after  a  few  days  of  dry  weather, 
the  whole  would  not  weigh  500  lbs.  The  fibrous  parts  reduced  to  mere  threads  atone  re- 
■lala— «o  that  it  it  like  manuring  land  with  cobtoebe"  (Dr.  Walker).  This  would  seem  to 
imply  the  preaence  of  a  larger  qvantity  of  water  in  fresh  sea-weed  than  in  green  gnM»f  and 
eonaeqnently  a  leaa  efficacy  as  a  manure  when  applied  in  equal  weights.  According  to 
Bonsaingault,  the/uctit  <Hgitattt»  containa  40  per  cenL  of  water,  and  the  fueue  aaeehanma 
76  per  cent  when  newly  taken  from  the  sea,  and  46  per  cent,  after  being  dried  In  the  air. 
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may  be  expected  to  exercise  a  somewhat  dUferent  iDfloence  upon  regt- 
tation. 

It  is  of  impoitaDce.  bowcTer,  to  bear  in  mind  that  the  saline  and  oifaer 
inorganic  matters  which  are  contained  in  the  sea-weed  we  lay  opon  our 
fields,  form  a  posithe  addition  to  the  land.  If  we  plou^  in  a  green 
crop  where  it  grew,  we  restore  to  the  soil  the  same  saline  matter  only 
which  the  plants  have  already  taken  from  it  during  their  growth,  while 
the  addition  of  sea-weed  imparts  to  it  an  entirely  new  supply.  It 
brings  back  from  the  sea  a  portion  of  that  which  the  rivers  are  constant- 
ly carrying  into  it,  and  is  thus  valnable  in  restoring,  in  some  measure, 
what  rains  and  crops  are  constantly  removing  from  the  land. 

Sea-weed  is  collected  along  most  of  oor  rocky  coasts— and  is  seldom 
neglected  by  the  fanners  on  the  borders  of  the  sea.  In  the  Isle  of 
Thanet,  it  is  sometimes  cast  ashore  by  one  tide  and  carried  off  by  the 
next ;— so  that  after  a  storm  the  teams  of  the  farmers  may  be  seen  at 
work  even  during  the  night  in  collecting  the  weed,  and  earrying  it  be- 
yond the  reach  of  the  sea.*  In  that  locality,  it  is  said  to  have  doubled 
or  tripled  the  produce  of  the  land.  On  the  Lothian  coasts,  a  right  of 
way  to  the  sea  for  the  collection  of  sea-ware  increases  the  value  of  the 
land  from  25s.  to  30s.  an  acre.f  In  the  Western  Isles  it  is  extensively 
collected  and  empbyed  as  a  manuret— «fid  on  the  North-east  coast  of 
Ireland,  the  farmmg  fishermen  go  out  in  their  boats  and  hook  it  up  from 
considerable  depths  in  the  sea.^ 

It  is  applied  either  immediately  as  a  top-dressing,  especially  to  grass 
lands — or  it  is  previously  made  into  a  compost  with  earth,  with  lime,  or 
with  shell-sand.  Thus  mixed  with  lime,  it  has  been  used  with  advan- 
tage  as  a  top-dressing  ibr  the  young  wheat  crop  ;||  and  with  shell-sand,  it 
is  the  general  manure  for  the  potatoe  crop  among  the  Western  island- 
ers. IT  It  may  also  be  mixed  with  fimn^^yard  manure  or  even  with  peat 
moss,  both  of  which  it  brings  into  a  more  rapid  fermentatiOD.  In  some 
of  the  Western  Islea,  and  in  Jersey,  it  is  burned  to  a  light,  more  or  less 
coaly  powder,  and  in  this  form  is  applied  sacceasfolly  as  a  top-dressing 
to  various  crops.  There  is  no  reason  to  doubt  that  the  most  econcmical 
method  is  to  make  it  into  a  compost  with  absorbent  earth  and  liro^,  or  to 
plough  it  in  at  once  in  the  fresh  stare. 

In  the  Western  Islands  one  cart  load  of  farm-yard  manure  is  consid- 
4ared  equal  in  immediaU  eflfeci— upon  the  first  crop,  that  i»«-to  2|  of  fresh 
sea-weed,  or  to  If  afier  it  has  stood  two  months  in  a  heap.  The  sea* 
weed,  however,  rarely  exhibits  any  considerable  action  upon  the  seoood 
crop* 

Sea-weed  is  said  to  be  less  suited  to  clay  soils,  while  barren  sand  has 
been  brought  into  the  state  of  a  Roe  loam  by  the  constant  application  of 
sea- weed  alone,  for  a  long  series  of  years.** 

Conflicting  opinions  are  given  by  difierent  practical  men,  in  regard  to 
the  crops  to  which  it  is  best  suited.    But  the  explanation  of  moat  of 

«  Britith  BuBbtmdry,  U.,  p.  4ia 

t  Kerr**  BtfAnefofttre,  p.  377. 

i  »  aea- weeds  cooatttute  ooehalf  of  HebHdean  manares,  Md  nine-tenths  of  those  of  ttk^ 

'•?£?•'*  W«nd*"T'*?<^*'®"****'»  M^^euUun  of  the  HMbridu^  p.  401. 
f  Mrs.  Hwl  s  iTmtom. 
I  Briti9h  I/uebandry,  TL,  p.  419. 
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these  and  einul^ur  diflcordaoces  k  to  be  fbaod  in  tbe  aoswefs  to  ihe  three 
following  questions-^what  subeiancea  does  the  crop  specially  require  ?— 
how  many  oC  these  abouxid  in  the  soil  ?— «an  the  manure  we  are  about 
to  use  supply  all  or  any  of  the  renaaioder  ?  If  it  can,  it  may  be  expected 
to  do  good.  Thus  simply  and  closely  are  the  kind  of  crop,  the  kind  ef 
soil,  aad  the  kind  of  manure,  in  most  cases,  connected  together. 

§  10.  Of  manuring  vnth  dry  vegetable  substances. 

The  main  general  difference  between  vegetable  matter  of  ike  same 
kindt  ^nui  eut4U  (he  uune  age,  when  applied  as  a  manure  in  the  green 
and  in  the  dry  state,  consists  in  this— 4bat  in  the  former  it  decomposes 
more  rapidly*  and,  therefore,  acts  more  speedily.  The  total  effect  upon 
vef  etacioa  will  probably  in  either  ease  be  very  nearly  tiie  same. 

But  if  the  dry  vegetable  matter  have  been  cot  at  a  more  advaocod' 
age  of  tbe  plant  or  have  been  exposed  to  the  vicissitudes  of  the  weather 
while  drying,  it  will  no  longer  exhibit  an  equal  ef&cacy.  AUmcf  dtff 
straw,  wksMtmripej  mil  manure  more  richly  than  a  ion  of  the  same  straw 
inits^npe4tat€'^Dat  only  because  the  sap  of  the  green  plant  oontaias 
(he  materioisAom  which  the  substance  of  the  grain  is  afterwards  formed 
-—but,  because,  as  the  plant  ripens,  the  stem  restores  to  the  soil  a  por* 
lion  of  the  saline,  especially  of  the  alkaline,  matter  it  previously  con- 
tained (Lee.  X.,  §  5).  After  it  is  cut,  also,  every  shower  of  raui  that 
falls  upon  the  sheaves  of  corn  or  upon  the  new  hay,  washes  out  some  of 
the  saline  snhstnnces  which  an  lodged  in  its  pores,  and  thus  diminishes 
its  value  as  a  fertilizer  of  the  land.  These  fiicts  place  in  a  still  stronger 
light  the  advantages  which  necessarily  follow  from  the  use  of  vegetable 
matter  in  the  recent  stale,  for  manuring  the  soil. 

1^.  Dry  straw.'^li  is  in  tlie  form  of  straw  tliat  dry  vegetable  matter  is 
most  abundantly -employed  as  a  manure.  It  is  only,  however,  whea 
^hneikdy  in  the  g^rouad  io  the  siace  of  suibble,  that  it  is  usually  ploughed 
in  without  some  4»Bvious  preparation.  When  buried  in  the  soil  in  the 
dry  state,  it  decomposes  slowly,  and  produces  a  less  sensible  efieet  upon 
the  suoeeedingcrop ;  it  is  usually  fermemed,  therefore,  more  or  less  eom- 
filotelyt  by  an  aAmixture  of  animal  manure  in  the  farm-yard  before  it  is 
4aid  apon  the  land.  Daring  this  fermeotadon  a  certain  unavoidal^ 
loss  of  aaaiiic,  and  ^nerally  a  large  kiss  of  saline  matter,  also  takes 
place.*  ft  is,  therefore,  theoretically  true  of  dry,  as  it  is  of  green,  ver 
i^eiaUe  matter,  diat  it  will  add  most  to  the  soil,  if  it  be  ploughed  ia  with-- 
•ot  any  previous  prepanttioB. 

Yet  this  is  not  the  only  consideration  by  which  the  practical  mta 
fltMst  he  guided.  Instead  of  a  akom  and  prolonged  action  upon  hisoiops, 
he  may  require  an  immediate  and  more  powerful  action  for  a  shorter 
time,  and  to  obtain  this  he  maybe  justified  in  fenoesting  his  straw  with 
the  certainty  even  of  an  unavoidable  loss.  Thus  the  disputed  use  of 
tsharimsd  bingdung  bacaoaes  ako^iher  a queaucm  of  oipediency  or  of 
•practieal  eeommy.  Bm  to  this  peim  I  shall  again  vecur  when  treating 
of  te m-grard  manure  in  the  suodeeding  lecture. 

ft^.  {Aaf  partakes  of  the  nature  c?  straw,  but  it  decomposes  more 
tafewly  whau  buried  in  the  soil  in  the  dry  slate.    It  is  alBo  difficult  So 

*  8m  la  Um  tQceeeding  leetore  Om  Mction  mon  mixed  animai  midvtgeUNt  nkmursL 
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bring  into  a  state  of  fermentation,  even  wben  mixed  with  the  liquid  ma- 
nnre  of  the  farm-yard. 

3^.  Rdpe-dusL-^When  rape  seed  is  exhaosted  of  its  oil,  it  oomes 
from  the  press  in  the  form  of  hard  (rape)  cakes,  which,  when  crushed 
to  powder,  form  the  rape-dust  of  late  years  so  extensively  employed  as 
a  manure.  It  is  occasionally  mixed  with  farm-vard  dung,  and  applied 
to  the  turnip  crop,  but  its  principal  employment  has  hitherto  been,  I  be- 
lieve, as  a  tpp-dressinff-forthe  wheat  crop,  either  harrowed  in  with  the 
seed  in  October  or  applied  to  the  youn^^  com  in  spring. 

Rape-dusC  reauires  moisture  to  bnng  out  its  full  fertilizing  virtues ; 
hehce  it  is  chiefly  adapted  to  clay  soils  or  to  such  as  rest  upon  a  stiff 
subsoil.  It  is  seldom  applied,  therefore,  to  the  barley  crop,  and  even 
upon  wheat  it  will  fail  to  produce  any  decidedly  flood  effect  in  a  very 
dry  season.  Several  interesting  circumstances  have  been  experimen- 
tally ascertained  in  regard  to  the  action  of  rape-dust,  to  which  it  is  pro- 
per to  advert : — 

a.  That  in  very  dry  seasons  it  may  produce  little  benefit  upon  tur- 
nips, potatoes,  and  other  crops,  while  in  the  same  circumstances  the  ef- 
fect of  guano  may  be  strikingly  beneficial.  Thus  in  ode  experiment, 
made  in  1842,  upon  unmanurea  land  sown  with  turnips — 

16  cwt.  of  rape-dust  gave  3|  tons  of  bulbs  per  acre. 
2  cwt.  of  ffuano  gave       6  do. 

Unmanun^  gave        .      3^  do. 

And  in  another,  in  the  same  season,  upon  unmanured  land— 

1  ton  of  rape-dust  gave  14{  tons  of  bulbs  per  acre. 

3  cwt.  of  guano  gave     23|  do. 

Unmanured  gave  12}*  do. 

Again,  upon  potatoes,  planted  without  other  manure,  in  3  experi- 
ments the  produce  per  acre,  t»  tons,  was  as  follows  :-* 

Umnuinrad.  1  Ion  RapeHlMt  8  ewt  Goom.  4ewt  Qauo. 
Whiet  Don  Potatoes  —  12i  18|  — 

Red  Don  Potatoes   .        .         6f  10  —  14i 

Connaught  Cups     .        .         5|  13  —  13f 

In  none  of  the  above  experiments  did  the  action  of  the  large  quantity 
of  rape-dnst  equal  that  of  the  compjBzatively  small  quantity  of  ^ano— - 
though,  from  b«ing  buried  in  the  soil,  the  difference  was  less  stnking  in 
the  case  of  the  potatoe  crops. 

i.  Rape-dust  may  actually  cause  the  crop  to  be  less  than  the  land 
alone  would  naturally  produce— -if  in  a  dry  season  it  be  laid  oq  in  any 
considerable  quantity. 

Thus  in  1842,  in  an  experiment  upon  OaU,  made  at  Lennox  Lov^-— 
16  cwt.  of  rape-dnst  gave  45  bushels. 
2  cwt.  of  ffuano  gave       68     do. 
Unmanured  scnl  gave        49      do. 

In  this  property  of  injuring  the  crop,  when  rain  does  not  happen  to 
fall,  rape-dust  resembles  very  much  those  saline  substances  wnich«  as 
we  have  seen^  may  often  be  applied  with  much  advanta^  to  the  land. 

c.  Yet  it  would  appear  to  exercise  less  of  this  evil  influence  upon 
wheat  and  beans,  even  in  similar  circumstances.    Thus  in  the  aame 

*  Pee  Appendix,  No.  Vm.  ^ 
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season,  1842,^  and  in  the  same  locality,  Lennox  Lovei  a  crop  of  wheat, 
with— 

16  cwt.  of  rape-dust  gare  51  husheU  per  acre. 
2  cwt.  of  gua'oo  gave       48  do. 

Unman  urea  gave  47i  do. 

And  a  crop  of  beans,  with — 

16  cwt.  of  rape-dust  gave  38  bushels. 
2  cwt.  of  guano  gave       35;^    do, 
Uumanured  gave  30      do* 

In  both  of  these  cases,  notwithstanding  the  drought,  the  raperdust 
improved  the  crop,  and  though  not  sufficiently  so  to  pay  the  cost  of  the 
application,  yet  to  a  greater  extent  than  the  same  quantity  of  guano. 
It  is  deserving  of  investigation,  therefore,  whether  ra|je-dust  be  more 
especially  adapted  to  wheat  and  beans.  Even  in  favourable  seasons  it 
may  possibly  prove  more  economical  than  guano  as  a  manure  for  these 
two  crops.* 

d.  But  even  in  favourable  seasons,  and  to  the  wheat  crop,  there  is 
reason  to  believe  that  rai>e-dust  cannot  be  tconomcaUy  applied  in  more 
than  a  certain,  perhaps  variable,  quantity  per  acre.  Thus  four  equal 
plots  of  ground  (nearly  half  an  acre  each),  sown  with  wheat,  were  top- 
dressed  with  rape-dust  in  ditferent  proportions  with  the  following  results : 

With    7  cwt.  the  produce  was  26  bushels  of  market  corn. 

With  10  cwt.  the  produce  was  28  do. 

With  15  cwt.  the  produce  was  29}  do. 

With  26  cwt.  the  produce  was  27 J  do. 

Unmanured  the  produce  was    22}f  do. 

In  this  experiment  not  only  was  the  crop  diminished  when  more  than 
15  cwt.  was  added,  but  the  increased  produce  was  not  sufficient  to  defray 
the  additional  cost  of  the  application^  when  more  than  7  cwt,  of  rape-dust 
was  put  on, 

e.  It  may  be  noticed  as  another  curious  fact,  that  the  action  of  rape- 
dust  is  dependent  upon  the  presence  or  absence  of  certain  other  substan- 
ces in  the  soiK  Common  salt  and  sulphate  of  soda,  when  mixed  with  it 
under  certain  circumstances,  lessen  the  eflfect  which  it  would  produce 
alone,  and  the  same  will  pmbably  happen  when  it  is  applied,  without 
admixture,  to  soils  id  which  these  saline  compounds  happen  to  be  already 
present.  Some  remarks  upon  this  interesting  point  will  be  found  in  tlie 
Appendix,  No.  VIU. 

4°.  Lintseed^  poppy-seed,  cotton-seed,  and  cocoa-nut  ca^w.— The  cake 
which  is  left  when  other  oils  are  extracted  from  the  seeds  or  fruits  ia 
which  they  exist  is  also,  in  almost  every  case,  useful  as  a  manure.  Thus 
the  seeds  of  the  cotton  plant  yield  an  oil  and  leave  a  cake  which  is  now 
nsed  as  a  manure  in  the  United  States,  though  little  known  as  yet,  I  be- 
lieve, in  England.  The  cocoa-nut  cake  is  employed  in  Southern  In- 
dia partly  in  feeding  cattle  and  partly  as  a  manure  for  the  cocoa-nut  tree 
itself.  Some  trials  have  recently  been  made  with  it  among  ourselves, 
but  I  am  ignorant  of  the  precise  results.  In  this  conntry  lintseed  cake 
is  made  in  large  quantity,  but  as  it  is  relished  by  cattle,  is  fattening,  and 


*  8ee  Appendix,  No.  vm. 
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etifiches  the  droppings  of  the  stock  fed  upon  it,  it  is  seldom  applied  di- 
rectly to  the  land.  In  France  and  /ome  pans  of  Belgiam,  where  the 
poppy  is  largely  cultivated  for  the  oil  yielded  by  its  seeds,  the  cake 
which  these  seeds  leave  is  highly  esteemed  as  a  manure. 

b^.  Malt-dust. — When  barley  is  made  to  sprout  by  the  maltster,  and 
is  aAerwards  dried,  the  small  shoots  and  rootlets  drop  oflT,  and  form  the 
substance  known  by  the  name  of  malt-dust.  One  hundred  bushels  of 
bar!ey  yield  4  or  5  bushels  of  this  dust.  It  is  sold  at  the  rate  of  from  5s. 
to  8s.  a  quarter,  and  has  been  applied  with  success  as  a  top-dressing  to 
the  barley  and  wheat  crops.  It  may  also  be  drilled  in  with  turnips  or 
dusted  over  the  young  grass  in  spring. 

6°.  Sato-dust  is  usually  rejected  by  the  agriculturist,  in  consequence 
of  the  difficulty  which  is  generally  experienced  in  briufingitinto  a  state 
of  fermentation.  It  decomposes  slowly  when  ploughed  into  the  soil  in 
its  dry  state,  but  it  nevertheless  gradually  benefits  the  land,  and  should 
not,  therefore,  be  permitted  in  any  case  to  run  to  waste.  It  forms  an 
excellent  absorbent  also  for  liquid  manures  of  any  kind,  which  it  pre- 
serves from  sinking  too  rapidly  when  they  are  to  be  applied  to  porous, 
sandy,  or  chalky  soils,  while  these  liquids  again  hasten  the  decomposition 
of  the  saw-dust  and  augment  itsimmediate  effect  upon  the  land.  In  lo- 
calities favourable  for  the  collection  of  sea-weed,  it  may  also  be  more 
rapidly  fermented  by  an  admixture  with  this  substasce.  Saw-duat 
f  >rms  an  ingredient  in  some  of  the  mixed  manures  which  have  recently 
cume  into  us»(see  Appendix,  No.  VIII.,  Exp.  B.) 

7°.  Dry  leaves  may  either  be  dug  into  the  land  at  once,  or  may  be 
laid  up  in  heaps,  when  they  will  gradually  decay,  and  form,  in  moat 
cases,  an  enriching  manure.  They  gradually  improve  the  soil  (as  wre 
have  already  seen,  p.  429),  on  which  they  annually  fall,  but  the  same 
quantity  of  leaves  will  do  more  good  if  collected  and  immediately  dug 
in,  or  if  made  into  a  compost  heap,  than  if  left  to  undergo  a  slow  natural 
decay  on  the  surfaee  of  the  land. 

^12,  Of  the  use  of  decayed  vegetable  matter  as  a  tnanure. 

The  most  abundant  forms  of  partially  decayed  vegetable  matter 
which  come  within  the  reach  of  the  practical  farme|^  are  peat  and  tan- 
Der*s  bark. 

1**.  Peat. — To  soils  which  are  deficient  in  vegetable  matter,  it  is 
clear  that  a  judicious  admixture  of  peat  must  prove  advantageous,  be- 
cause it  will  supply  some  at  least  of  those  substances  which  are  neces- 
sary to  the  production  of  a  higher  degree  of  fertility.  But  peat  decays 
very  slowly  in  the  air,  and  hence  its  apparent  effect  when  mixed  with 
the  soil  is  very  small.  It  may  gradually  ameliorate  its  quality,  espe- 
cially if  the  soil  be  calcareous,  but  it  will  not  immediately  prepare  the 
land  (or  the  growth  of  any  particular  crop.  But  if  the  obstacles  to  its 
further  decomposition  be  removed — that  is,  if  by  artificial  means  its  de- 
cay be  promoted — then  its  immediate  and  apparent  eflec|  upon  the  soil 
is  increased,  and  it  becomes  an  acknowledged  iertilizing  manure/  Dif- 
ferent methods  have  been  successfully  practised  for  bringing  it  into  this 
more  rapid  state  of  decay  or  fermentation. 

a.  The  half-dried  peat  may  be  mixed  with  from  one-fourth  to  one- 
balfof  Its  weight  of  fermenting  farm-yard  manure— the  whole  heap  be^ 
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ipgcarefollj  ooysred  orer  wiih a  layer  of  peat  to  pretent  the  escape  of 
ianiMdg  vapoara«  fiv  this  method^first  mtroduced  to  pabtlc  flOticd 
by  the  late  Lord  MeaoowbaDk— the  entire  mixture  is  gradually  brought 
into  an  equable  state  of  heat  and  ferraeDtatioo,  and  as  a  manure  ^r  the 
turaip  crop,  is  said  to  be  as  efficacious  as  an  equal  weight  of  unmixed 
&rm-yard  manure. 

h.  Or  the  liquid  manure  of  the  farm-yard  may  be  employed  fbr  the 
same  purpose,  either  in  whole  or  in  part.  If  the  heap  of  mixed  peat 
and  dung  be  watered  occasionally  with  the  liquid  manure,  the  fermen- 
tation will  be  more  speedily  eflfected,  and  at  a  less' expense  of  common 
farm-yard  dung.  Or  the  half-dried  peat  may  be  used  unmixed,  as  an 
absorbent  for  the  liquid  of  the  farm-yard,  by  which,  without  other  aid, 
it  Will  be  brought  into  a  state  of  fermentation  with  comparative 
rapidity. 

c.  Or  instead  of  the  liquid  manure,  the  amraoniacal  liquor  of  the  gas- 
works may  be  employed,  with  less  prominent  benefit  certainly,  bnt  stUl 
with  great  advantage. 

J.  Or  the  peat  may  be  mixed  with  from  one-sixth  to  one-fourth  of  its 
bulk  of  fresh  sea-weed,  the  rapid  decay  of  which  will  gradually  reduce 
the  entire  heap  into  a  fertilizing  mass.* 

c#  Or  rape«du8t  in  the  proportion  of  1  ton  to  30  cubic  yards  may  be 
mixed  with  the  half-dried  peat  from  two  to  six  weeks  before  the  time  of 
sowing  the  turnip  crop.  The  fermentation  of  the  rape-dust  takes  place 
so  quickly,  that  this  short  time  is  usually  sufficient  to  con^ren  the  whole 
into  a  uniform  and  rapidly  decaying  mass. 

Id  short,  it  is  only  necessary  to  mix  half-dried  peat  with  any  sub- 
stance which  undergoes  rapid  spontaneous  decoiri  position— when  it  will 
more  or  less  speedily  become  infected  with  the  same  tendency  to  deca]^, 
and  will  thus  be  rendered  capable  of  ministering  to  the  growth  of  culti- 
vated plants. 

2^.  Tanner^s  hark  is  still  more  difficult  to  reduce  or  to  bring  into  a 
rapid  state  of  decomposition.  Any  of  the  methods  above  recommended 
for  peat,  however,  will  to  a  certain  extent  succeed  also  with  the  spent 
bark  of  the  tan  pits.  But  in  the  case  of  substances  so  solid  and  refrac- 
tory as  the  lumps  of  bark  are,  the  admixture  of  a  quantity  of  lime  and 
earth,  so  as  to  form  a  compost  heap,  is  perhaps  the  most  advisable 
mode  of  procedure.  The  way  in  which  lime  promotes  the  d^cay  of 
woody  fibre  in  such  heaps  has  already  been  explained  (see  p.  382.) 

§  13.  Use  of  charred  vegetable  molten  as  a  manure. 

Soot  and  charcoal  are  the  principal  substances  of  this  class  which 
have  been  more  or  less  extensively  employed  for  the  purpose  of  increas- 
ing the  productiveness  of  the  land, 

1°.  Soot  is  a  complicated  and  variable  mixture  of  substances  pro- 
duced during  the  combustion  of  coal.  Its  composition,  and  consequent- 
ly its  effects  as  a  manure,  vary  with  the  quality  of  the  coal,  with  the 
way  in  which  the  coal  is  btirned,  and  with  the  height  of  the  chimney  in 
which  it  is  collected. 


'  BrUiMhHutbandry,  a,  p.  417. 
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Soot  has  not  been  analysed  dnce  the  year  leSS,  when  a  variety  ex- 
amined by  Braconnot  was  found  by  him  to  consist  ivaihoosand  pMs^ 

Ulttic  acid  1  (a  substance  resembling  that  portion  of  the  vegetable 

matter  of  the  soil  which  is  soluble  in  caustic  potash— (see  ]>e. 

XIII.,  11) .  WW 

A  reddish  brown  soluble  substance,  containing  nitrogen,  and  yield* 

jbg  ammonia  when  heated 0(XH) 

Asboline .               .       .        .  M 

Carbonate  of  lime,  with  a  trace  of  magnesia  (probably  denved  in 

pan  from  the  sides  of  the  chimney) 146*6 

Acetate  of  lime 56-5 

Sulphate  of  lime  (^^ypsum) 50-O 

Acetate  of  ma^esia .        .  5^ 

Phosphate  of  lime,  with  a  trace  of  iron    .  .  .-    16*0 

Chloride  of  potassium 8-6 

Acetate  of  potash >4I4) 

Acetate  of  ammonia "SO 

Silica  (sand) .  9*5 

Charcoal  powder 38'5 

Water 1250 

^  WOO* 

The  earthy  substances  which  the  soot  contains  are  chiefly  derived 
from  The  walls  of  the  chimney,  and  from  the  ash  of  the  coal,  part  of 
which  is  carried  up  the  chimney  by  the  draught.  These,  therefore, 
roust  be  varMle,  being  largest  in  quantity  where  the  draught  is  strong- 
est  and  where  the  earthy  matter  or  ash  in  the  coal  is  the  greatest.  The 
quantity  of  gypsnm  present  depends  upon  the  sulphur  contained  in  the 
coal, — that  which  is  freest  from  sulphur  will  give  a  soot  containing  the 
least  gypsum.  The  ammonia  and  the  soluble  substance  containing  ni- 
trogen will  vary  with  the  quantity  of  nitrogen  contained  in  the  coal  and 
with  certain  other  causes— so  that  the  composition  of  different  samples 
of  soot  may  be  very  unlike,  and  their  influence  upon  vegetation  there- 
fore very  unequal.  The  consequence  of  this  must  be,  that  the  results 
obtained  in  one  spot,  or  upon  one  crop,  are  not  to  be  depended  upon,  as 
indicative  of  the  precise  effect  which  another  specimen  of  soot  will  pro- 
duce in  another  locality,  and  upon  another  crop  even  of  the  same  kind. 
And  thus  it  happens  that  the  use  of  soot  is  more  general,  and  is  attended 
with  more  beneficial  effects,  in  some  districts  than  in  others. 

a.  In  general  it  may  be  assumed  that  where  ammonia  or  its  salts 
will  benefit  the  crop,  soot  also  will  be  of  use,  and  hence  its  successful 
application  to  grass  lands.  From  its  containing  gypsum  it  should  also 
especially  benefit  the  clover  crops.  Yet  Dr.  Anderson  says,  "  I  have 
used  soot  as  a  lop-dressing  for  clover  and  rye-grass  in  all  proportions, 
from  one  hundred  bushels  per  acre  to  six  hundred,  and  I  cannot  say  that 
ever  I  could  perceive  the  clover  in  the  least  degree  more  luxuriant  than 
in  the  places  where  no  soot  had  been  applied.  But  upon  rye-grass  its 
effects  are  amazing,  and  increase  in  proportion  to  the  quantity  so  far  as 
my  trials  have  gone."t  And  his  general  conclusion  is,  that  soot  does 
not  affect  the  growth  of  clover  in  any  way,  whiU  it  wonderfuUy  promotes 

*  Annalf  de  Chimie  et  de  Phymqut^  xzxl.,  p.  37. 
t  Dr.  Andenon'8  E:may»  (ecUL  1800),  ii.,  p.  2K>L 
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^t  of  rye-gnus.    Will  any  of  you,  by  exp3riment,  ascertain  if  such 
be  really  the  case  with  the  soot  or  your  own  neighbourhood  ? 

b.  The  presence  of  ammonia  in  soot  causes  it,  when  laid  in  heaps,  to 
destroy  all  the  plants  npon  the  spot ;  and  Dr.  Anderson  addsthe  inter- 
esting observation,  "  that  the  first  plant  which  appears  afterwards  is 
eonstantlif  the  common  coach-grass  {triHcum  repent),* 

c.  This  ammonia  also  causes  soot  to  injure  and  diminish  the  crop  in 
Tery  dry  seasons.  Thus  the  produce  of  a  crop  of  beans,  after  oats,  in 
1842,  upon  an 

tin  manured  part  of  the  field  was    .    .    .    29|  bushels. 
Dressed  with  4  bushels  of  soot    ....    28    bushels,  f 

It  also  diminished,  in  a  small  degree,  the  potatoe  crop  in  the  same 
year  in  the  experiments  of  Lord  Blantyre,  at  £rskine  (Appendix, 
No.  IX.)— 

With  manure  alone,  the  produce  was    ....    11  tons  17  cwt. 

With  30  bushels  of  soot  sprinkled  over  the  dung  .     11  tons    4  cwt. 

Like  rape-dust  (p.  434)  and  saline  substances,  therefore,  soot  seema 
to  require  moist  weather,  or  a  naturally  moist  soil,  to  bring  out  all  its 
virtues. 

d.  Yet  even  in  the  dry  season  of  1842,  its  efiect  npon  wheat  and  oats 
in  the  same  locality  (Erskine)  was  very  beneficial.  Thus  the  compara- 
tive pioduce  of  these  crops,  when  undressed  and  when  top-dressed  with 
10  bushels  of  soot  per  acre,  was  as  follows  :— 

Unmanured Wheat  44    •    •    .    Oato49. 

Top-dressed  with  soot  .  .  .  Wheat  64  .  .  .  Oats  55. 
But  me  dressed  wheat  was  inferior  in  quality  to  the  undressed— 4he 
former  weighing  only  58,  the  latter  62  lbs.  a  bushel.  In  the  oats  there 
.  was  no  difierence.  Are  we  to  infer  from  these  results  that,  even  it  dry 
seasons,  soot  may  be  safely  applied  to  crops  of  com,  while  to  pulse  and 
roots  it  is  sure  to  do  no  sood  ?  Further  precise  observations,  no  doubts 
are  still  necessary— and  the  more  especially  as  the  experiments  upon 
oats  and  wheat,  made  in  the  still  drier  locality  of  Lennox  Love  (Appen- 
dix, No.  VIII.),  gave  a  decrease  in  the  produce  of  grain — ^wbile  in  Mr. 
Fleming's  experiments  upon  turnips  (Appendix,  No.  VlII.),  50  bushels  of 
soot,  applied  alone,  gave  an  increase  of  4  tons  in  the  crop. 

e.  An  experiment  of  Lord  Blantyre's  (Appendix,  No.  IX.),  enables  us 
to  judge  of  the  efficacy  of  soot  in  a  dry  season,  compared  with  that  of 
niuaie  of  soda  and  of  guano  upon  the  produce  of  hay.  Thus  the  crop 
of  hay,  per  imperial  acre,  from  the 

Coit. 
tons.  cwtt.  iB    1.    d. 
Undressed  portion,  weighed  ..18  — — 
Dressed  with  40ba8hel8  of  soot      .        1      15             0    11    8 
160  lb«.  nitrate  of  soda     1      19             1    15    9 


•160  lbs  guano  ..33  1    15    9 


In  this  experiment  the  soot  proved  a  more  profitable  application  than 
either  of  the  other  manures. 

/.  In  regard  to  this  substance,  I  shall  only  advert  to  one  other  obser- 
valion— but  it  is  an  important  one— made  by  Mr.  Morton,  when  dea- 

*  Dr.  Anderann't  £!ftav»(edit  1800),  II.,  p.  30S. 
,   t  See  Appendix,  No.  VllL 
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cribing  the  maoi^oraeDt  of  a  well  conducted  farm  in  Gkmcettershife.* 
**  The  quantity  of  aoot  used  upon  this  farm  amouttia  to  3000  busbeia 
a*ye«r«  one-half  of  which  is  applied  to  the  potaioe,  the  other  half  to  the 
wheat  crop."  All  the  $lraw  grown  vpon  Un$  farm  is  sold  for  thakh^ 
and  for  the  laet  30  years  the  only  manure  that  has  been  purchased  to 
replace  this  straw  is  the  soot,  whicn  is  brought  from  Gloucester,  Bristol.f 
and  Cheltenham.  Soot  no  doubt  contains  many  things  useful  to  vege- 
tation, yet  where  all  the  produce  is  carried  off,  and  soot  only  added  in 
its  stead— «ven  the  rich  soils  of  the  vale  of  Gloucester  cannot  be  expected 
to  retain  a  perpetual  fertility.  The  slow  changes  ivhich  theory  indi- 
cates may  altogether  escape  the  observation  of  the  practical  man,  who 
makes  no  record  of  the  history  of  his  land,  and  yet  may  be  ever  slowly 
proceeding. 

2°.  CharcoaU — Wood-charcoal,  from  its  porous  nature,  and  its  tend- 
ency to  absorb  animal  odours  and  other  unpleasant  effluvia  (Lee.  I.,  §  i^), 
has  been  found,  when  reduced  to  fine  powder,  to  be  an  excellent  admix- 
ture for  night  soil,  for  liquid  manure,  and  for  other  substances  which  un- 
dergo putrescent  decay.  It  is  t  herefore  employed  to  a  considerable  extent 
by  the  manufacturers  of  artificial  manures.  It  is  also  applied  with  ad- 
vaiMge  in  some  cases  as  a  top-dressing  to  various  Cropsi««its  efficacy 
being^probably  due  in  part  to  iu  power  of  absorbing  from  the  air,  or  of  re- 
taining in  the  soil,  those  gaseous  substances  which  plants  require,  and  in 
part  to  the  slow  decay  which  it  is  itself  capable  of  undergoing.  In  moist 
charcoal  powder  seeds  aie  said  to  germinate  with  great  ease  and  cer- 
tainty. 

3"^.  Caa/-tor.— Another  product  of  coal,  the  tar  of  the  gas-works,  has 
recently  been  recommended  as  an  admixture  for  peat  and  similar  com- 
postsi  and  it  is  one  of  the  substances  with  which  Mr.  Daniel  impreg- 
nates his  saw-dust  in  the  manufacture  of  his  patent  manure.  It  is  im- 
possible to  say  how  much  of  the  good  effect  derived  from  the  use  of 
such  mixtures  as  that  described  in  the  Appendix,  No.  VIII.,  is  doe  to  the 
coal-tar  they  eontain,-^and  as  no  experiments  have  hitherto  been  made 
from  which  the  true  action  of  coal-tar  can  be  inferred,  it  may  still  be 
considered  as  a  matter  of  doubt  whether  it  can  at  all  add  directly  to  the 
fertility  of  the  soil. 

§  14.  Of  (he  theoretical  value  of  different  vegetable  substances 
as  manures. 

Vegetable  manures  are  known  to  difier  in  feniliziof  virtue.  Thus,  1 
ton  of  rape-dust  is  said  to  be  equal  to  16  of  sea- weed  or  to  20  of  farm* 
yard  manure.  On  what  principles  do  these  unlike  fertilizing  virtuea 
depend  1 

If.  According  to  BoussinoauU  and  other  French  authorities,  the  rela- 
tive effioncy  pfaU  fnanisres  aepends  upon  theprop&rtionsofniirogen  they 
set  orally  contain.^    And  taking  (arm-yard  manure— consisting  of  d^e 

•  That  of  Mr.  Dimmery,  deacrlbed  id  Uie  Jmtmal  qf  the  Xoyat  Agricultural  Saeitty^  L, 

t  At  Bristol  tho  price  ofaool  l«  9d.  a  buahel,  at  Gloacester  odIj  6d.,  ret  the  former  la  pr»> 
fbrred  even  at  the  hffher  price.  It  is  of  better  goality,  owing,  it  is  nfd,  to  the  greater  length 
of  the  chimniea— it  may  be  also  to  the  qaality  of  the  coal  aod  to  the  way  it  is  burned. 

X  Bee  Mr.  Ftomlog's  eiperimeni  upon  Swedes  (AppendU  No.  VUJT),  in  which  M  bub- 
els  of  charcoal  powder  increased  Um  crop  by  three  tons  an  acre. 

l-4jwMl»«fcC»eimse«del^.,8dBeriea,ra.,p.76.  ^  , 
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ifiiked  dropping*  and  Ihter  of  cattle — as  a  standard,  they  arrange  vege- 
table substances  as  manures  in  the  following  order  of  value  :^ 

Equl  elftcts  are  prodtieed  by 

Farm-yard  manure  1000  lbs. 

Potatoe  and  tumip  (1)  tops 750   " 

Carrot  tops      .        .  470   " 

Natural  grass 780  " 

ClovertootS 250   " 

Fresh  siia-weed 450  to  750   '< 

Seaweed  dried  in  the  air 300   " 

Pea  straw 230  « 

Wheat  straw 750  to  1700  " 

Oat  straw 1400  « 

B«rley  straw  .        .        .        .        .                               1750  " 

Rye  straw 1000  to  2400  <' 

Buck-wheat  straw 850  " 

Wheat  chaff 470  " 

Fir  saw-dust 1700  to  2500  <'      j^, 

dak    do 750  "     ■* 

Soot,  from  coal •       300  *» 

Lint  and  rape-dust 80  '* 

The  numbers  in  this  table  agree  with  the  molts  of  experiment  in  s6 
far  as  they  indicate  that  ffreen  substances  generally,  when  ploughed  in 
as  manures,  should  enrich  the  soil  more  than  an  equal  weight  of  farm- 
yard fiianure-^hat  the  roots  of  clover  should  be  more  enriching  still— 
and  that  sea-weed  is  likewise  a  very  valuable  manure.  They  agree 
also  with  practical  observation  in  placing  pea,  and  probably  bean  straw, 
far  above  the  straws  of  wheat,  oats,  dec,  in  fertilizing  power,  and  in  re- 
presenting soot  and  rape-dust  as  more  powerful  than  any  of  the  other 
sabatances  in  the  table.  So  far,  therefore,  a  certain  general  reliance 
may  he  placed  upon  the  fertitising  valtte  of  a  substance  as  represented 
by  the  proportion  of  nitrogen  it  contains. 

But  if  we  bear  in  mind  that  plants,  as  we  have  frequently  had  occa- 
aioD  to  mention,  require  inorganic  as  well  as  organic  food,  it  is  quite 
dear  that  the  mere  presence  of  nitrogen  in  a  substance  is  not  sufficient 
to  render  it  highly  nutritive  to  growing  plants.  Otherwise  the  salts  of 
ammonia  would  be  the  richest  manures  of  all,  and  would  best  nourish 
and  bring  to  perfbotion  every  cmp  and  in  all  circumstances — ^which  ex- 
perienee  has  proved  to  be  by  no  means  the  case.    Hence 

.2^.  The  value  of  vegetable  substances  as  manures  must  depend  iti 
some  degree  upon  the  quantity  and  kind  of  inorganic  matter  they  contain. 
In  reference  to  the  quantity  of  inorganic  matter  which  they  respectively 
impart  to  the  soil,  their  relative  values  are  represented  by  the  following 
nuoabers  :— 

Ooe  ton  cooUint  of  Inoisuilo 
mauer  about 

Potatoe  tops,    green 96  Iba. 

Turnip  tops,        do. 48    '< 

Carrot  tops,        do 46    *< 

Rye-grass,    _.    do ^  30    « 

Digitized  by  VjO'cy-x  iv. 


449  i2iPLUxircx  or  thx  cakbohacequs  mattke. 

On^'toii  eoulaliM  of  in  v|uie 


Vetch,  men 38  lbs. 

Green  sea-weed,  do. 98    " 

Hay 90  to  180  « 

Pea  straw 100  *< 

Bean  straw 60  to    80  *' 

Wheat  straw 70  to  360  «* 

Oat  straw 100  to  180  « 

Bailey  straw 100  to  190  '< 

Rye  straw  .       •  50  to    70  " 

Fir  saw-dust 6  " 

Oaksaw-dust 5  " 

Soot 500  <' 

Rape-dust 190  <* 

This  table  places  the  several  vegetable  sabstances  in  an  order  of  effi- 
cacy considerably  different  from  the  former,  in  which  they  are  arranged 
accgrding  to  the  quantity  of  nitrogen  they  respectively  contain.  Wo 
know  that  wood-ashes  (p.  353),  kelp,  and  the  ashes  of  straw  (p.  356)« 
do  promote  the  fertility  of  the  land,  and  therefore  the  absolute  as  well 
as  the  relative  efficacy  of  the  above  vegetable  substances  must  depend 
in  some  degree  upon  the  quantity  of  inorganic  matter  they  contain. 
But  we  should  be  wrong  were  we  to  ascribe  the  total  effect  of  any  of 
th^m  to  the  inorganic  matter  alone. 

3^.  Even  the  carbonaceous  matter  of  plants  contriboies  its  aid  in  in- 
creasing the  produce  of  the  soil  by  supplying,  either  directly  or  indirectly,  a 
portion  of  (be  necessary  food  of  plants.  This  has  already  been  shewn 
10  various  parts  of  the  preceding  lectures. 

it  is  the  property  of  substances  which  contain  a  larger  proportion  of 
nitrogen  to  undergo  rapid  decay  in  the  presence  of  air  and  moisture,  and 
thus  to  produce  a  more  immediate  and  sensible  action  upon  growing 
plants.  But  the  carbon  chances  more  slowly,  and  the  inorganic  mat- 
ter also  separates  slowly  from  decaying  vegetables  in  the  soil— ^nd  hence 
the  apparent  effects  of  these  constituents  are  less  striking.  Thus  Ae 
immediate  and  visible  effect  of  different  vegetable  substances^  in  the  same 
HaJte,  is  fueasured  by  the  relative  quanSihes  of  nitrogen  they  contain'^ 
their  permanent  effects  by  the  relative  quantities  of  inorganic  and  of  car^ 
honaeeous  matters.  In  the  case  of  rape-dust  for  exam  pie,  the  immediate 
effect  is  determined  chiefly  by  its  nitrogen— the  permanent  effects*  by 
the  as)i  it  leaves  when  burDedi  or  when  caused  to  undergo  complete  do* 
cdy  in  the  air. 
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LECTURE  XVIH. 

▲•inial  ttiMtarM.— FMh,-blood,«ii<l  Mn.^trtfol.'WMl1en  Hft,  hair,  hon,  alld^Mle•.•~6a 
what  <loes  the  fertlUziog  action  ofbonaa  depend  )— Animal  charcoal  and  the  refute  of  ihe 
mffar  reteetiea.-*Piah  and  fishrefaee,  whale  blubber  and  oil.— Relatiye  fertllizlns  ralue  of 
the  sQbatancaa  prevloaaly  deaertoad.—Plgeon  dnnfr.— DaAf  of  aea^fowl:  giiaoo.— Ltcniid 
manuree:  the  urine  of  varioas  anloaals.— Mixed  animal  and  vefetable  manuree.— Night 
aon.thed«np|ribiaof  Ihe  hofR,  the  cow,  Uie  pl<.— EflTecu  of  digestion  upon  Tegetable 
food.>-Why  equal  weights  of  vefetable  matter,  and  of  the  droppings  of  animals  fed  upon 
It,  possess  different  fettillzlBg  powers.— Farm-yard  dang .— Weiglit  of  dang  produced  from 
a  given  weight  of  grass,  straw,  and  otbA- produce.— Loss  undeigone  by  iann-yard  manare 
daring  fermentation.— Improtement  of  the  soil  by  Inrlgatlon. 

Animal  substances  hare  always  been  considered  as  more  fertilizing 
tot  he  land  than  such  as  are  of  vegetable  origin.  Their  action  is  in 
general  more  immediare  and  apparent,  and  it  takes  place  within  such  a 
limited  period  nf  time  that  the  farmer  can  calculate  upon  its  being  exer- 
•ctsed  in  bene'fittii»g  ihe  crop  to  which  it  is  applied.  The  reason  df  this 
mott  immediate  action  will  presently  appear.  ^ 

§  1.  OfJUshy  blood,  and  skin. 

l**.  FU^. — The  flesh  of  animals  is  not  only  a  rich  manure  in  itself, 
but  the  rapidity  with  which  it  undergoes  decay  in  our  climate  enables 
it  s|)eedily  to  bring  other  organic  substances  with  which  it  may  be  mixed 
into  a  state  of  active  fermentation.  It  is  only  the  flesh  of  such  dead 
animals,  however,  as  are  unfit  for  food  that  can  be  economically  ap- 
plied to  the  land  as  a  manure. 

The  flesh  of  animals  consists  of  a  lean  part,  called  the  muscular  fibre, 
or  by  chemists  fibrin,  and  ^  fatty  part,  intermixed  with  the  lean  in  greater 
or  less  proportion,  according  to  the  condition  orthe  animal.  Of  these  two 
it  is  the  lean  part  which  acts  most  immediately  and  most  energetically 
in  the  promotion  of  vegetation.  Lean  beef,  in  the  recent  state,  contains 
77  per  cent,  of  its  weight  of  water,  so  that  100  lbs.  consists  of  77  lbs.  of 
water  and  23  lbs.  of  dry  animal  matter. 

2^.  B^c£.— The  blood  of  animals  is  more  extensively  employed  as 
a  manure.  It  is  carried  ofi^in  large  quantities  from  the  slaughter- housed 
of  the  butchers,  and  makes  rich  and  ferrilizing  composts.  In  some 
parts  of  Europe  it  is  dried,  and  in  the  state  of  dry  powder  is  applied 
with  much  effect  as  a  top-dressing  to  many  crops. 

Liquid  blood  consists  of  fibrio^he  substance  of  lean  meat,  of  albu- 
men^-the  same  as  the  white  of  eggs^-of  a  red  colouring  matter,  and  of 
certain  saline  substances  dissolved  in  a  considerable  quantity  of  water. 
When  blood  cools  it  gradually  congeals,  and  separates  into  two  parts, 
a  gelatinous  red  portion,  called  the  clot,  and  a  liquid,  nearly  colourless, 
part,  called  the  $erum.  The  clot  contains  most  of  the  fibrin  and  colour- 
ing matter,  and  a  |)ortionof  the  albumen;  the  serum,  the  greater  part 
of  the  albumen  and  of  the  soluble  saline  substances  which  are  present 
in  the  blood. 

The  relative  composition  of  fresh  muscular  fibre  and  of  liquid  blood 
is  thus  represented  in  100  paru :— 
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Water*       thj  •ataMl  I 

Moaeular  fibre, 77  83 

Blood ....    19  m* 

It  appears  singular  that  (be  solid  t&oscle  of  aoitnals  should  6tetain 
ao  nearly  tbe  same  quantity  oT  water  as  their  liquid  blood  does. 

But  it  IS  no  less  striking  that  tbe  dry  animal  matter  wbicb  reroains,wheo 
kan  muscular  fibre  and  when  blood  are  fully  dried,  has  nearly  the  same 
apparent  composition.  Thus,  according  to  the  analyses  <tf  Play  fair  and 
Boeckman,  dry  flesh  and  dry  blood  consist  respectively  of-» 

DrjrbMi:     Pfyozhlood. 

Caibon 5l'8S  51*96 

Hydrogen, T57  7-aft 

Nitrogen,    .,,....       16-01  15-07 

Oxygen, 81-37  91-30 

Ashes, 4^  4*48 

100  loot 

The  organic  part,  therefore,  of  blood  and  of  flesh  is  nearly  identical  in 
ultimate  composition,  and  the  final  result  of  equal  weights  of  each, 
when  applied  as  manures,  should  be  nearly  the  same.  Tbe  ashes,  how- 
ever, or  inorganic  part,  though  present  in  each  nearly  in  the  same  pro- 
portion (4'23  and  4*42  per  cent.),  are  somewhat  difierent  in  composition, 
and  therefore  the  action  of  blood  and  flesh  will  be  a  little  unlike  in  ao 
iar  as  it  depends  upon  the  saline  substances  they  are  respectively  capa- 
ble o{  conveying  to  the  roots  of  plants. 

3°.  SJdn, — The  skins  of  nearly  all  animals  find  their  way  ultimately 
into  the  soil  as  manure,  in  a  more  or  less  changed  state. 

The  refuse  pnrings  from  the  tan-yards,  and  from  the  curriers'  shops, 
though  usually  employed  for  the  manufacture  of  elue,  are  sometimes 
used  as  a  manure,  and  with  great  advantage.  They  may  either  be 
ploughed  in  sufficient ly^eep  to  prevent  the  escape  of  volatile  matter 
when  they  begin  to  decay,  or  they  may  be  made  into  a  compost  by  which 
their  entire  virtues  will  be  more  efiectualiy  retained. 

Skin  differs  considerably  in  its  constitution  from  flesh  and  blood.  It 
contains,  in  the  recent  state,  about  58  per  cent,  of  water,  and  leaves, 
when  burned,  only  1  per  cent,  of  ash.  The  combustible  or  organic  part 
consists  of-« 

Carbon 50*99 

Hydrogen 7*07 

Nitrogen 18-79 

Oxygen 23*22 

100 
It  contains,  therefore,  3^  per  cent,  more  nitrogen  than  flesh  or  blood. 
8 o  far  as  the  fertilizing  action  of  these  substances  depends  upon  the 
proportion  of  this  constituent— glue,  the  parings  of  skins,  and  all  gelati- 
nous substances  will  consequently  exhibit  a  greater  efi&cacy  than  flesh 
or  blood. 

*  Thomson*!  JMnuA  Ckemtttry,  pp.  986  and  97. 

t  LleUg's  Organie  Chmiatry  applied  to  Pkytudagy,  p.  314. 
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§  2.   fFM,  iffooUen  rag$^  havr^  horn,  and  hones. 

1**.  H^f,  in  the  form  of  the  waste  of  the  spinning-roills,  and  espe- 
cially ID  that  of  woollen  ra's,  acts  very  efficaciously  as  a  manure.  The 
rags  are  used  with  good  eSbct  upon  light  chalks  and  gravels,  in  which 
they  retain  the  water.  They  are  sometimes  ploughed  in  for  wheat  along 
with  the  clover  stubble,  in  the  winter  with  the  corn  stubble,  when  the 
land  is  intended  for  turnips, and  are  sometimes  applied  as  atop-dressing 
to  clover  and  grass  lands.*  They  are  used  most  extensively,  however, 
in  the  hop-grounds,  being  dug  in  round  the  roots,  to  which  they  continue 
for  a  long  time  to  supply  much  nourishment.  The  estimation  in  whicrh 
they  are  held  may  be  judged  of  by  the  price  they  bring,  which  is  from 
«£5.  to  <£10.  a  ton. 

2^.  Hair  also  is  fitted  to  produce  effects  similar  to  those  which  follow 
the  use  of  wool.  It  can  seldom,  however,  be  obtained  by  the  farmer  at 
so  economical  a  rate  as  to  enable  him  to  trust  to  it  as  an  available  re- 
flonrce  when  other  manures  become  scarce. 

"3^.  Horn,  in  the  form  of  horn  shavings,  parings,  and  turnings,  is  just- 
ly considered  as  a  very  powerful  manure.  Even  in  the  state  of  shav- 
ings, however,  it  undergoes  decay  still  more  slowly  than  woollen  rags; 
aiid,  therefore,  like  them,  will  always  be  most  safely  and  economically 
employed  when  previously  rotted,  by  being  made  into  a  compost. 

Wool,  hair,  and  horn,  differ  from  flesh,  blood,  and  skin,  by  containing 
very  much  less  water  in  their  natural  state,  and  by  undergoing,  in  con- 
sequence, a  much  slower  decay,  and  exhibiting  a  much  less  immediate 
action  upon  any  crop  to  which  they  may  be  applied.  The  intelligent 
farmer,  therefore,  will  bear  this  important  distinction  in  mind,  in  any 
opinion  he  may  form  as  to  the  relative  efficacy  of  these  several  sub- 
stances as  general  fertilizers  of  the  land. 

In  chemical  cunriposiiion,  these  three  substances  are  nearly  identical, 
and  they  do  not  differ  widely  from  the  lean  of  beef  or  from  dried  blood. 
When  burned  they  leave  only  a  small  quantity  of  ash: — 

Woolleaves 2-0    per  cent,  of  ash. 

Hair 0  72        •»  •• 

Horn 0-7  •*  •* 

And  the  pan  which  burns  away — the  organic  part — consists  of— 

Wool.  Hair.  Horn. 

Caibon    .        .        .       \        .        50-65  5153  51-99 

Hydrogen        ....          703             G-69  6-72 

Nitrogen 17-71  1794  17-2d 

Ozygea  and  Sulphur               .        94*61  23-81  24-01 

100  100  lOQ    ' 

The  organic  part  of  these  three  substances,  therefoi*e,  is  nearly  iden- 
tical in  composition,  and  hence,  when  e<]ualiy  decomposed  they  ought 
to  produce  ine  same  effects  upon  the  young  crops.  They  contain  a  lit- 
tle more  nitrogen  than  dried  flesh  and  blood,  and  a  little  less  than  dried 
skin,  and  therefore  in  so  far  as  their  fertilizing  action  depends  upon  this 
element,  they  ought  to  occupy  an  intermediate  place  between  these  80- 
yeral  substances. 
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Few  sabof&oces  have  of  late  years  done  so  much  lo  increase  the  agri-> 
cultural  produce  of  various  parts  of  £iiglaiid  as  the  use  of  crushed  bonea 
for  manuriag  the  land. 

1°.  Recent  bones  contain  a  variable  quantity  of  water  and  fat.  The 
proportion  of  fat  depends  upon  the  position  of  the  bone  in  the  body*  and 
upon  the  condition  of  the  animaU  The  proportion  of  water  depends 
partly  upon  lite  solidity  of  the  bone  and  partly  upon  iu  aga  Accord^ 
ing  to  Denis,  the  radius  of  a  female. 

Aged  3  years,  contained  .    .    33*3  per  cent«  water»  with  a  little  fat. 

Aged  20  years,     '•  .    .    13-0        ••  •• 

Afl^ed  78  years,     *•  .     .     15-4        ••  •• 

The  quantity  of  water  thus  present  in  bones  performs  an  importaoc 
part  in  determtnine  the  action  which  bone-dust  is  known  to  exercise 
upon  the  land.  TTie  oil  is  sometimes  extracted  bv  boiling  the  bones. 
During  this  boiling  they  absorb  more  water,  and  thus,  when  laid  npoa 
the  land,  undergo  a  more  rapid  decomposition,  and  exercise,  in  conse- 
quence, a  more  immediate  and  apparent,  and  therelbret  as  some  ouy 
think,  a  more  powerful  fertilizing  action. 

2^.  But  bones  differ  from  the  other  animal  substances  already  de- 
scribed chiefly  by  containing  a  much  larger  proportion  of  inorganic  mat- 
ter, or  by  leaving,  when  burned,  a  greater  per-centaga  of  ash.  The 
quantity  of  inorganic  matter,  however,  contained  in  bones  is  not  con- 
stant. It  is  less  10  the  young  than  in  the  full-grown  animal— less  in  the 
spongy  than  in  the  compact  or  more  solid  bones — ^and  less  in  those  of 
some  animals  than  in  those  of  others.  Thus,  when  freed  from  fat  and 
perfectly  dried— 

or  inoFfBoic  BMtlar. 
The  lower  jaw-bone  of  an  adalt  left  68-0  per  cent. 
—  a  child  of  3  years  —  62-8       « 

A  compact  human  bone    ....        —  58"7       " 
A  spongy  human  bone       ....       —  60-2       " 

The  tibia  of  a  sheep —4803      *' 

•  The  Tortebne  of  a  haddock        ...        —  60-61      " 

It  is  obvious  that  the  relative  efficacy  of  equal  weights  of  bones  mnst 
be  affected  by  such  differences  in  the  relative  productions  of  organic  and 
inorganic  matter  which  they  severally  contain. 

3^.  This  inorganic  matter  or  ash  consists  in  great  part  of  phosphate  of 
lime  (Lee.  IX.,  %  4),  but  it  contains  also  a  coosideraole  though  variable 
proportion  of  carbonate  of  lime,  with  smaller  quantities  of  several  other 
ingredieAts.  The  prouortion  of  carbonate  of  lime  appears  to  be  smallest 
in  carnivorous  animals. 

Thus,  for  every  100  parts  of  phosphate  of  lime  there  exists  in— 
Human  bones  about    ....    20*7  carbonate  of  lime. 


Bones  of  the  sheep 
Do.  ox  .  . 
Do.  fowl  .  . 
Do.  haddock 

Do.  frog   .     . 

Do.  lion    .     . 


241 

13-5 

11-7 

62 

6.8 

2-6 
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Vertebra 

ofaooz. 

48-5 

39-5 

iM 

561 

61 

36 

(H2 

0-8 

0-3 

0-8 

01 

— 

These  proportions  are  dot  to  be  codsidfered  as  constant^  because  it  varies 
not  only  m  the  differeDt  boties  Of  the  same  aoimat  but  also  in  bones  frora 
the  same  part  of  the  body  of  different  animals  of  the  satne  species** 
But  the  existence  of  such  differences  must  render  Ufalike  the  fenili^itig 
action  of  the  bones  of  different  animals — ^if,  as  many  think,  this  action 
depends  in  any  great  decree  upon  thequantity  of  phosphate  of  lime  which 
they  respectively  contam* 

4^.  Besides  the  phosphate  and  carbonate  of  lime«  I  have  stated  that 
bones  contain  certain  other  inorganic  substances,  which  are  found  in 
small  quantity  in  the  ash.  What  these  substances  are  will  appear  in 
the  fbl lowing:  table,  which  represents  the  constitution  of  the  bones  of 
some  animals,  as  analysed  by  Dr.  Thomson : 

nettm 

of  a  sheep. 

Organic  or  combustible  matter  43*3 

Phosphate  of  lime  .  50*6 

Carbonate  of  lime  ...         4-5 

Magnesia 0*9 

So& 0-3 

Potash  ......         (HS 

99-6  100-3  100-8 
The  soda  exists  in  bones  probably  in  the  state  of  common  salt,  and 
the  magnesia  in  that  of  phosphate.  An  appreciable  quantity  of  fluoride 
of  calcium,  with  traces  of  iron  and  magnesia,  are  also  generally  found 
in  bones,  in  addition  to  the  substances  indicated  in  the  preceding 
analyses. 

5°,  When  bones  are  heated  to  redness  in  the  open  air  the  organic 
part  burns  away,  and  leaves  the  white  earthy  matter  in  the  form,  and 
nearly  of  the  bulk,  of  the  original  bone.  But  if  a  dry  bone  he  covered 
with  dilute  muriatic  acid,  the  earthy  or  inorganic  part  is  slowl}'  dis^ 
solved  out,  and  the  organic  part— the  cartilafi^e  or  gelatine — will  alone 
remain,  retaining  also  the  form  and  size  of  the  organic  bone.  In  this 
state  it  is  flexible  and  somewhat  sod,  and  by  prolonged  boiling  may  be 
dissolved  in  water,  and  manufactured  into  glue. 

This  organic  or  combustible  part  of  bones  is  identical  in  chemical 
composition  with  skin  and  glue,  and  is  nearly  the  same  as  wool,  hair, 
and  horn,  of  which  the  analysis  has  already  been  given.  In  so  far, 
therefore,  as  their  efficacy  depends  upon  the  organic  constituent,  dry 
bones  must  be  greatly  inferior  to  an  equal  weight  of  any  of  the  other 
animal  substances  above  described,  because  of  the  much  greater  pro- 
portion of  earthy  matter  they  contain. 

§  4.  On  tchai  does  the  fertilizing  action  of  hone$  depend? 

Bones  contain,  as  we  have  seen,  a  large  proi)ortion  both  of  organic 
and  of  inorganic  matter  ;-»on  which  of  these  two  constituents  does  their 
fertilizing  action  most  depend  ?  Some  regard  the  phosphate  of  lime  or 
bone  earth,  as  the  only  source  of  the  benefits  so  extensively  derived  from 
them^and  it  is  by  supposing  the  soil  to  be  already  sufficiently  impreg- 
nated with  this  phosphate  that  Sprengel  accounts  for  the  little  success 

•  TbomMB*!  Ammal  CKoihMnr,  p.  212.  ^  y,  ,,,„  „y  GoOglc 
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which  hat  auended  the  use  of  bones  Id  Mecklenburg  and  North  Ger- 
many. Others,  again,  aitribuie  the  whole  of  their  influence  to  the  or- 
ganic part-^the  gelatine— which  bonea  contain.  Neither  of  these  views 
is  strictly  correct.  Plants,  as  we  have  seen,  require  a  ceruin  quantity 
of  phosphoric  acid,  lime,  and  magnesia,  which  are  present  in  the  inor- 
ganic part  of  bones ;  and  so  far,  therefore,  are  capable  of  deriving  inor- 
ganic food  from  bone-dust.  But  the  organic  part  of  bones  will  decom- 
pose, and  therefore  will  act  nearly  in  the  same  way  as  skin,  wool,  hair, 
and  horn  do^which  substances  it  resembles  in  ultimate  composition.* 
it  cannot  be  doubted,  therefore,  that  a  considerable  part  of  the  eflect  of 
bones  upon  all  crops  must  be  due  to  the  gelatine  which  they  contain. 

The  principal  facts,  now  known  in  regard  to  the  action  of  bones,  may 
be  thus  stated  :— - 

1^.  The  organic  matter  of  bones  acts  like  that  of  skin,  woollen  rags, 
horn  shavings,  ice,  but  as  bone-dust  contains  only  about  one  third  of 
the  organic  matter  which  is  present  in  an  equal  weight  of  eiiher  of  the 
above  substances,  its  total  effect,  in  so  far  as  it  depends  upon  the  organic 
matter,  will  be  less  in  an  equal  proportion. 

2^.  But  as  the  organic  matter  of  bones  contains  more  water  than 
horn  or  wool,f  it  will  decay  more  rapidly  than  these  substances  when 
mixed  with  the  soil,  and  will  therefore  be  more  immediate  in  its  action. 
Hence,  tlie  reason  why  woollen  rags  and  horn  shavings  must  be  ploughed 
in  in  the  preceding  winter,  if  they  are  to  benefit  the  subsequent  wheat  or 
turnip  crops,  while  bone-dust  can  be  beneficially  applied  at  the  sowing 
of  the  seed. 

3°.  When  bones  are  boiled  the  oil  will  be  separated,  and  a  portion  of 
the  gelatine  will  at  the  same  time  be  dissolved  out.t  The  hones,  there- 
fore, will  be  in  reality  rendered  less  rich  as  a  manure.  But  as  they  at 
the  same  lime  lake  up  a  considerable  quantity  of  water,  boiled  bones 
will  decompose  more  rapidly  when  mixed  with  the  soil,  and  thus  will 
appear  to  act  as  beneficially  as  unboiled  bones.  Hence  ibe  reason  why 
in  Cheshire,  where  boiled  bones  are  used  to  a  considerable  extent,  many 
practical  men  are  of  opinion  that  their  action  upon  the  crops  is  not  infe- 
rior to  that  of  bones  from  which  the  oil  has  not  been  extracted  by  boiling. 
The  immediate  effect  may  indeed  be  ecjual,  or  even  greater,  than  that 
of  unboiled  bones,  but  the  total  effect  must  be  less  in  nro|)ortion  to 
the  quantity  of  organic  matter  which  has  been  removed  by  boiling. 
Cases,  however,  may  occur  in  which  the  skilful  man  will  prefer  to  use 

*  The  main  diflterenre  it  io  the  quantitv  orfiilnhiir  conraineH  in  hair.  An  analrsJa  of  hu- 
man  lialr.  by  Van  Labr  (Anvalen  dtr  Pharmaae,  xlv..  p.  168),  which  haa  reaeh^d  me  aince 
the  prerediuic  Mheet  woiii  tu  preti^  ahowa  the  prnportion  of  aiilphur  more  accurately  Ihcui 
that  wiiich  ia  given  at  pa^se  445.  He  found  iiiiman  hair  or  variniia  coioura  to  leave 
from  one-lhiifl  to  nearly  two  per  ceni.  of  aah  whrn  burned,  and  to  €ODsifei  besidea  of  Carbon, 
60  65— Hydrosen,  6  36— Nitrnsen,  1714— Oiygen,  20  86— 8a}pljdr,  0H)6— Total,  100— •nd 
nearly  halfa  |>f>r  cent,  of  Phoaphorua. 

t  Abof  c,  p  446. 

T  Ttic  ptfAtm^fM  boiling  of  bofies,  ao  aa  to  dIaaolYt  a  porttnn  of  the  gelatfne,  ta  pratjliMd  to 
a  eooaldi»n«t>le  extent  as  a  mo<ie  of  manufacturing  aiae  or  glue.  In  the  large  dyeing  eaiabUsh- 
menia  in  Mancheati>r,  ilie  t)oneaare  hoiled  in  open  jiana  for  24  honra,  ihe  (at  skimmed  olT 
and  eoM  fo  ilio  candle- makem,  anfl  the  aise  aAermarda  boiled  down  in  another  vessel  lUl  It 
la  of  auOicient  aireogih  for  atifTeninc  the  Ihirk  gooda  for  which  it  i«  intended.  The  aia« 
liquor,  when  exhau«terl,  or  no  lonjier  of  suffioieni  atrength  for  eliffenln^,  ia  applied  with 
much  bPiiHlt  aa  a  manure  to  Ihe  adjacent  paMure  and  ardflcial  gram  landa,  and  Ihe  bones 
are  reacliU  bi>iif  hi  up  by  the  Laocaahirc  and  Cheahire  farmera.  The  boiled  bonea  must 
evidenUy  loae  all  Uie  fertiliatng  virtue  which  the  aixe  liquor  acquinai 

uigiiizeu  uy  ■s-j  vy^/pi  i\^ 
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htnltd  booes  becauee  they  are  fitted  to  produce  more  toi mediate  eflfeet 
where^ — 99  in  the  pushing  forward  of  the  young  inroip  plant — such  an 
effect  IS  panicolariy  required. 

4^.  When  bones  are  buried  in  a  more  or  less  entire  state,  as  they  oe- 
easionally  are  about  the  roots  of  vines  and  fniit  trees*  they  gradually 
decay,  and  sensibly  promote  the  growth  of  the  trees  to  which  they  are 
applied.  Yet  after  the  lapse  of  years  these  same  bones  may  be  dug  up 
nearly  unaltered  either  in  form  or  in  size.  The  bones  of  a  bear  and  of  a 
stag,  after  being  long  buried,  were  (bund  by  Marehand  to  consist  of— 

BoQ«t  of  the  betr  borled 
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The  most  strilLing  change  undergone  by  these  bones  was  the  large 
loss  of  organic  or  animal  matter  they  had  suffered.  The  relative  pro- 
portions of  the  phosphate  and  carbonate  of  lime  bad  been  comparative- 
ly little  altered.  The  main  effect,  therefore,  produced  by  bones  when 
buried  at  the  roots  of  trees,  aod  their  first  effect  in  all  cases,  must  be 
owing  to  the  animal  matter  they  contain— >the  elements  of  this  animal 
matter,  as  it  decomposes,  being  absorbed  by  the  roots  with  which  the 
bones  are  in  contact. 

Such  facts  as  this  prove,  I  think,  the  incorrectness  of  the  one-sided 
oprinion  too  hastily  advanced  by  Sprengel,  and  after  him  reiterated  bv 
Liebig  and  his  followers— that  the  principal  efficacy  of  bones  is,  in  ail 
eases,  lo  be  ascribed  to  their  earthy  ingredients,  and  especially  to  the 
phosphate  of  lime. 

This  opinion  of  Sprengel  rests  mainly  on  two  facts  put  forward  by 
himself.*  Bones,  he  says,  have  failed  to  produce  in  North- Western 
Qermany  the  good  effects  for  which  they  are  so  noted  in  Eneland,  yet 
in  the  same  districts,  farm-yard  and  other  animal  manures  exhibit  their 
usual  fertilizing  actioo.  It  cannot,  therefore,  he  concludes,  be  the  ani- 
fnal  matier  of  hones  to  which  their  beneficial  influence  is  to  be  ascribed. 
But  to  this  conclusion  we  may  fairly  demur,  when  we  know  how  often 
on  heavy  and  uodrained  lands  bone-dust  fails  even  among  ourselves. 
Let  bones  be  tried  for  the  turnip  erop-^a  crop  still  almost  unknown  in 
Northern  Germany— «nd  upon  well  drained  soils  similar  to  those  of  our 
best  turnip  lands,  and  I  venture  to  predict,  in  opposition  to  Sprengel's 
experience,  that  bones  will  no  longer  fail  even  in  Mecklenburg. 

Again,  having  drawn  bis  conclusion  in  regard  to  the  inutility  of  Xhe 

Animal  matter,  Sprengel  states  that  the  marl  which  is  applied  to  the 

land  in  Holstein  and  5ie  neighbouring  provinces,  contains  phosphate  of 

lime  (p.  371),  and  hence  the  reason  why  the  earthy  nuUter  of  the  bon^s 

*  Ltkrevam Danger f  p.  UH,  ugmzeuDy  ^jw^^i^^ 


450  CAUfx  or  the  raoxiOzreKii  cfpect  op  bonks. 

applied  does  not  improve  the  laod.  In  so  far  as  die  efficacy  of  bones 
really  depends  upon  their  earthy  constituents,  the  use  of  a  marl  con- 
taining phosphate  of  lime*  will,  no  doubt,  greatly  supersede  them ;— bat 
in  so  far  as  it  depends  upon  the  animal  matter  ihey  contain,  bones  will 
exhibit  their  natural  fertilizing  action,  however  nch  the  soil  may  al- 
ready be  in  those  compounds  of  which  their  earthy  or  incombustible 
part  consists. 

5^.  Yet  there  is  reason  to  believe— nay,  it  may  be  assumed  as  cer- 
tain— that  the  phosphate  and  carbonate  of  lime  which  bones  contain  so 
largely,  are  not  without  eflfect  in  promoting  vegetation.  All  our  colti- 
▼a^  plants  require  and  contain  [)olh  phosphoric  acid  and  lime,f  and 
from  the  ve^tables  on  which  they  feed,  all  animals  derive  the  entire 
substance  of  their  bones.  This  same  phosphoric  acid  and  lime,  there- 
fore, must  exist  in  the  soil  on  which  the  plants  grow,  or  they  will  nei- 
ther thrive  themselves  nor  be  able  properly  to  nourish  the  animals  they 
are  destined  to  feed.  If  a  soil,  then,  be  deficient  in  phosphate  of  lime  or 
its  constituents,  it  is  clear  that  the  addition  of  bones  will  benefit  the  after- 
crops n<it  only  bv  the  animal  but  by  the  earthy  matter  also  which  they 
contain.  And  that  such  is  the  case,  in  many  instances,  there  is  good 
reason  for  believing.  But  that  this  can  b^  no  means  account  for  the 
whole  effect  of  bones,  even  supposing  the  soil  to  which  they  are  applied 
to  be,  in  every  instance,  deficient  in  phosphates,  is  clear  from  the  fact 
(see  Lee.  X.,  §  4),  that  260  lbs.— less  than  6  bushels— of  bone-dust  per 
acre  are  su  HQcienl  to  supply  all  the  phosphates  contained  in  the  crops  which 
are  reaped  during  an  entire  fourshill  rotation  of  turnips,  barley,  clover, 
and  wheat.  Yet  the  quantity  of  bones  actually  applied  to  the  land  is 
from  three  to  five  times  the  above  weight,  repeated  every  time  the  tur- 
nip crop  comes  round. 

6"^*  Still,  granting  that  the  chief  eflect  of  bones  upon  the  immediately 
succeeding  crops  is  due  to  their  organic  part,  upon  what  does  their 
prolonged  good  effect  depend  ?  Some  lands  remember  a  single  dressing 
of  bones  for  16  or  20  years,  and  some  after  the  application  of  2  or  2i 
tons  of  bones  have  yielded  10  to  15  successive  crops  of  oats,  and  have 
been  sensibly  benefitted  for  as  many  as  sixty  years  after  the  bones  were 
applied,  t 

This  prolonged  eff*ect  is  also  due  in  part  to  both  constituents.  When 
not  crushed  to  powder,  the  organic  matter  of  bones  is  always  slow  in 
disappearing,  and  slower  the  deeper  they  are  buried.  In  some  soils, 
also,  the  process  is  more  slow  than  in  others^  The  long-buried  bones  of 
the  bear  and  of  the  stag,  of  which  the  analysis  is  given  above  (p.  449), 
had  lain  in  the  soil  for  an  unknown  period,  and  yet  they  still  containeid 
a  sensible  proportion  of  animal  matter.  So  it  is  with  the  bones  used  for 
manure,  when  they  are  not  crushed  too  fine.  They  long  retain  a  por- 
tion of  their  organic  matter,  which  they  give  out  more  slowly,  and 
in  smaller  quantity,  every  year  that  passes,  yet  still  in  such  abun- 
dance as  to  contribute  sensibly  to  the  nourishment,  and  in  some  de- 

*  Host  limo-stones  and  ihell-Mndi  contain  an  appreciable  quantity  of  Ihia  phoaphate,  and 
wni,  iherefore.  to  Uie  aame  extent,  aupereede  the  use  of  the  earthy  mauer  ofbonea.  Muoh 
of  the  marl  of  Holatein  oonRlats  of  the  delrilQs  of  ohalk  rooke,  anciently  bfx>ken  up  and  car- 
ried off— by  the  waters  of  the  aea  with  which  Uiat  pan  of  Europe  wa*  covered  at  no  TOfy 
remote  feoloilcal  ppoch.  "^ 

tSeeLec.  X,«3. 

J  See  Appendix,  No.  I,,  and  Britigk  mBbtmdry,  t,  p.  89a  .gitized  by  GoOglc 
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gree  to  promote  the  growifa,  of  the  crops  which  the  land  is  TDade 
to  hear.*  So  it  wouid  be  with  the  horns  and  hoofs  of  cattle,  if  laid  oo  in 
eqoal  quantity,  for  they  also  decay  with  exceeding  slowness, 

Still  the  inorganic  part  is  not  without  its  use.  If  the  sail  be  deficient  in 
phosphates  or  in  Ume,  the  earthy  matter  of  the  bones  will  supply  these 
substances.  I  only  wish  to  guard  you  against  the  conclusion,  that  be* 
cans^  bones  of^en  act  for  so  long  a  period,  that  therefore  the  organic  mat- 
ter can  have  no  share  in  the  influence  they  exercise  after  a  limited  period 
of  years. 

He  who  candidly  weighs  the  considerations  above  presented  will,  I 
think,  conclude  that  thp  whole  e0ect  of  bones  cannot  in  any  case  be 
ascribed  exclusively  either  to  the  one  or  to  the  other  of  their  principal 
constituents.  He  will  believe,  indeed,  that  in  the  turnip  husbandry  the 
organic  part  performs  the  most  prominent  and  most  immediately  useful 
office,  but  that  the  earthy  part,  nevertheless,  aSbrds  a  ready  suppl}*^  of 
certain  inorganic  kinds  of  food,  which  in  many  soils  the  plants  would 
not  otherwise  easily  obtain.  He  will  assign  to  each  constituent  its  sepa- 
rate and  important  function,  being  constrained,  at  the  same  time,  to  con- 
fess that  while  in  very  many  cases  the  earthy  part  of  hones,  applied 
alone,  would  fail  to  benefit  the  land,  there  are  few  cultivated  fields  in 
which  the  organic  part  applied  alone  would  not  materially  promote  the 
growth  of  most  of  our  artificial  crops. 

%b.  Of  the  application  of  bone-dust  to  pasttire  lands. 

If  the  soil  be  deficient  in  phosphate  of  lime,  bone-earth  alone,  or  the 
mineral  phosphate  (Lee.  IX.,  §  4),  may  be  advantageously  applied  to 
increase  its  fertility.  In  a  four-years'  rotation  of  turnips,  barley,  clover, 
and  wheat,  if  bones  be  used  for  the  turnip  crop,  the  land  will  every  ro- 
tation become  richer  in  bone-earth,f  and  therefore  the  application  of 
earthy  phosphates  cannot — after  a  few  rotations — ^be  expected  materially 
to  affect  its  productiveness.  But  pasture  lands  are  treated  differently, 
and  it  is  not  unlikely  that  in  some  instances  the  earth  of  bones,  even  ap- 
plied alone,  may  to  such  lands  be  productive  of  considerable  benefit. 

The  application  of  bone-dust  to  permanent  pasture  has  of  late  years 
been  practised  with  great  success  in  Cheshire.  Laid  on  at  the  rate  of 
30  to  35  cwt.,  or  at  a  cost  of  dClO  per  acre,  it  has  increased  the  value  of 
old  pastures  from  lOs.  or  ISs.  to  30s.  or  40s.  per  acre :  and  after  a  lapse 
of  20  years,  though  sensibly  becoming  less  valuable,  land  has  remained 
atill  worth  two  or  three  times  the  rent  it  paid  before  the  bones  were 
laid  on. 

It  is  this  lengthened  good  effect  of  bone-dust  that  affords  the  strongest 
ground  for  believing  that  the  earthy  phosphate  has  a  large  share  in  the^^ 
efiect.     I  have  already  shown  that  this  prolonged  action  is  not  conclu- 
eive  upon  the  poiot^-smce  the  organic  matter  lingers  long,  even  in  buried 

*  This  oplaton  dertyet  a  sfognterTr  lotereatlng  confinnatlon  from  the  ftct  that  a  portion  of 
the  toll  of  an  armble  diariictin  Sweclen,  '*wtilch  from  time  Immemorial  ttad  grown  exeelleol 
wtieal  without  manore,"  was  found  by  Berselius  to  contain  minute  fragmenla  of  twne  capa- 
ble upon  boiling  with  waier  of  yielding  a  weak  solution  of  gelatine.  It  waaconclndinl, 
therefore,  that  the  spot  had  been  an  ancient  battle  field,  and  that  ita  prolonged  feriility  waa 
due  to  the  bonea  of  old  time  burled  in  it,  and  slUl  to  some  extent  uodecomposed  (fiCarchandX 

t  See  preceding  paxe.  uigmzeu  oy  >^j  vy  v^-t  i\^ 
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^ones— but  a  coDsideration  of  the  necess^nr  efiect  of  long  continued 
paafurage  upon  soils  to  which  nothing  is  artificially  added,  lends  a  sid- 
fiular  support  to  the  view  that  the  bone-eanh  may  act  an  important  and 
(eneficial  part  upon  old  meadow  and  oiher  grass  lands.  Take  the  In- 
itance  of  a  dairy  farm  in  the  neighbourhood  of  a  large  town,-~ 

1°,  The  milk  is  all  carried  oflfthe  farm,  either  directly  or  in  the  shape 
of  butter,  cheese,  ice,,  and  every  40  gallons  of  milk  contain  1  lb.  of 
bone-earth,  besides  other  phosphates.  Estimate  the  averase  yield* of  a 
ffood  cow  at  3000  quarts,  or  750  gallons  a-year,  its  milk  will  contain  19 
lbs.  of  eanhy  phosphate— as  much  as  is  present  in  30 lbs.  of  bone-dust. 

2^.  Again,  the  urine  of  amUk  cow,  taken  at  700  gallons  a-year,  con- 
tains about  11  lbs.  of  the  same  phosphate.*  Suppose  only  a  third  of 
this  to  run  to  waste,  and  the  farm  will  lose  for  *every  cow  m  this  way 
about  4  lbs.— «qual  to  about  6  lbs.  of  bone-dust. 

3^.  But  for  every  cow  an  annual  calf  is  reared  and  sold  off.  Let  this 
calf  contain  but  20  lbs.  of  bone— 4heuybr  every  cow  it  mctintains,  a  dairy 
Jjarm  wiU  lote  of  earOiy  phosphates  upon  the  whole  at  much  as  is  contained 
tn  56  lbs.  of  bone-dust.  Suppose  a  farm  to  be  pastured  for  centuries,  as 
those  of  Cheshire  have  been,  and  the  produce  to  be  carried  off  in  the 
form  of  milk,  butter,  and  veal— we  may  reasonably  suppose  that  it  will 
at  length  begin  to  feel  the  want  of  those  phosphates  which  year  by  year 
have  been  drawn  from  its  surface.  It  is  reasonable  also  to  suppose  that 
the  addition  of  these  deficient  phosphates  would  impart  new  vigour  to 
the  soil,  would  cause  new  grasses  to  sprout,  and  a  more  mUk-yielding 
herbage  to  spring  up. 

Such  is  the  reasoning  upon  which  I  some  years  ago  attempted  to 
jR)und  an  explanation  of  the  singularly  striking  effects  produced  by  bone- 
dust  on  the  grass  lands  of  Cheshire,  while  it  failed  materially  to  im- 
prove those  of  other  districts  on  which  it  had  been  tried.  I  still  consider 
it  as  by  no  means  without  its  weight,  though  I  cannot  concur  with  the 
extreme  views  which  some  have  since  adopted — that  either  in  the  case 
of  Cheshire,  pr  in  any  other  case  with  which  I  am  acquainted,  the  benefi- 
cial action  of  bone-dust  is  to  be  ascribed  solely  to  its  earthy  constituents. 

§  6.  QfonirBQl  pharcoal,  the  refuse  of  the  sugar  refineries,  and 
animaUzed  carbon, 

1^.  Animal  charcoal  (bone  ^^cA;).-^When  bones  are  charred  or  dis- 
tilled at  a  red  heat  in  close  vessels,  the^  leave  behind  a  coaly  residuum 
to  which  the  name  of  animal  charcoal  is  usually  given.  By  this  calci- 
cation  the  animal  matter  is  almost  entirely  decomposed,  llie  charcoal 
still  retains,  however,  a  little  nitrogen,  and  though  it  is  seldom  employed 
as  a  manure,  yet  it  is  not  wholly  without  efiect  in  promoting  the  growth 
of  our  cultivated  crops.  Thus  in  1842,  when  applied  to  Swedish 
turnips,  Mr.  Fleming  obtained  from  the  unmanured  soil  12  tons  5  cwf. 
per  acre ;  but  when  manured  with  10  cwt.  of  animal  charcoal,  21  tons 
2  cwt.f 

2^,  Refise  charcoal  oftJu  sugar  refiners.-^The  animal  charcoal  above 
describecf  is  chiefly  employed  for  the  purpose  of  removing  the  colour 

t  LTIp^QdU^o!  YllV^  '"  average  about  1300  galloot  of  urine  (see  page  400). 
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Stem  Bdlnilons  of  raw  sugar.  Blood  i«  also  uflod  for  olarifyinf  the  same 
flolutiops,  8pd  quick-lime  for  DouuializiDg  the  acid  matter  they  contaia 
'—thus  renderiDg  the  syrups  more  capable  of  easy  erystallizatioii. 
{leoce  the  animal  charcoal,  the  blood,  the  lime,  and  the  colouring  and 
other  mauers  separated  from  ths  sugpr,  become  mixed  together,  and 
fi>rm  the  refuse  of  the  sugar  refiners.  This  refuse  often  contains  from 
one-fiAh  to  one-fourth  of  its  weight  of  blood,  and  hence  is  in  general-— 
and  especially  in  Prance,  where  it  is  extensiyely  employed  as  a  manure 
— ^ionsidered  from  four  to  six  times  i^ire  powerful  than  the  pnre  ani^ 
mal  charcoal  alone.  In  the  western  parts  of  France  this  mixture  has 
for  some  years  been  in  ereat  repute  among  agriculturists,  and,  in  add!-'' 
iion  to  that  which  is  produced  at  home,  has  been  largely  imported  from 
other  countries.  Into  the  ports  upon  the  river  Loire  alone  there  were 
0ntered,  in  1639,  upwards  of  tea  thousand  tons.*  It  sells  at  about  five 
pounds  a  ton. 

The  value  of  this  substance  depends  very  much  opon  the  proportion 
of  blood  which  it  contains,  and  as  this  is  in  some  measure  variable,  its 
fertilizing  qualities  must  be  variable  also.  In  £ngland  blood  is  used 
much  more  sparingly  in  the  refining  of  sugar  than  it  used  to  be,  and 
hence  the  refuse  of  our  refineries  is  probably  less  valuable  as  a  manurp 
now  than  it  was  in  former  years.t  This  is  probably  one  reason  why 
Mr,  Fleming  obtained  from  the  use  of  it  a  somewhat  smaller  crop  of  tur- 
nips than  from  an  equal  quantity  of  the  unused  animal  charcoaL  Upon 
Swedish  turnips  10  cwt.  of  unused  animal  charcoal  gave  him  21  tons  S 
cwt. ;  while  10  cwt.  of  the  refuse  gave  10  tons  7  cwt.t 

Still  this  result  is  sufficiently  favourable  to  recommend  the  refuse  or 
exhausted  animal  charcoal  to  the  practical  agrii^ulturist  where  more  eco* 
nomical  manures  cannot  readily  be  obtained. 

3^.  Animalized  carbon, — The  estimation  in  which  the  refuse  charcoal 
of  the  sugar  works  was  held,  has  led  to  the  manufacture  of  very  useful 
imitations  of  it  under  the  name  of  animalixed  carbon.  A  calcareous 
soil,  rich  in  vegetable  matter,  ||  is  charred  in  close  vessels,  and  is  then  mixed 
at  intervals  with  repeated  portions  of  night  soil  as  long  as  it  disinfects  it 
or  removes  its  smell— and  to  this  mixture  is  added  4  or  5  per  cent,  of 
clotted  and  partially  dried  blood.  This  animalixed  carbon  is  said  to  be 
of  much  value  as  a  manure.  The  main  objections  to  it  are  its  liability 
to  adulteration  and  the  uncertainty  to  which,  even  when  skilfully  and 
conscientiously  prepared,  its  composition  must  be  in  some  measure  liable. 

§  7.  CfJUhf  fish  r^u$e^  whale  Uubhcr^  and  mU 
1^.  Fuk^-^ln  some  parts  of  the  world,  and  occasionally  on  the  shovss 
of  England,  fish  are  met  with  in  such  abundance  that  they  can  be  econo- 
mically employed  as  a  manure  for  the  land.    They  are  either  spread  over 

*  BooMinfaQlt,  An.  de  CSWm.  €t  cb  PA|i«.,  Sd  miim,  iU.,  p.  06. 

t  The  reflninf  **■  conaists  in  putting  ihe  aagar  into  a  large  aqoan  copper  cistern  aloog  wit^ 
■ome  lime  water,  a  llule  bollock'a  blood,  and  from  5  to  20  per  cent  of  bone  black,  and  tn- 
JeetiDf  af  earn  throof  h  the  mistore.  hmU&d  of  tU  blood  many  reteara  employ  a  muture  of 
gelatinoua  alumina  and  aypsum,  called  Jhavga^  prepared  by  adding  lime  water  to  a  solution 
of  alum,  and  colieedng  the  precipitate"  cUce).  Hence  the  reason  why,  |n  Eqgland  at  kssC, 
the  refuse  charcoal  or  the  sugar  worlts  is  not  qlwayt  rich  in  Mood. 

t  Appendix,  No.  VIIL 

I  An  InUmaie  mixtore  of  peat  and  mart  or  sliell-saqd  would  answsr  velL    . 
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it  in  a  recent  state,  or-*wbicb  is  more  economical— are  made  into  a  com- 
post chiefly  with  earth,  which  after  a  time  proves  rich  and  fertilizing. 

The  bones  of  fish  are  similar  in  composition  to  those  of  terrestrial  an- 
imals (p.  447),  and  their  muscular  parts  are  nearly  identical  in  elementary 
constitution  with  the  lean  part  of  beef  and  the  clot  of  blood.  As  fertil- 
izing agents,  therefore  the  parts  of  fishes  will  act  nearly  in  the  same 
way  as  the  blood  and  bodies  of  animals. 

2^.  Fish  refuse. — The  pilchards  of  Cornwall  and  the  herrings,  cod, 
and  ling  of  our  Northern  coasts,  %ben  cleaned  for  salting,  yield  a  large 
quantity  of  refuse,*  which  is  peculiarly  valuable  to  the  farmers  in  the 
neighbourhood  of  the  principal  fishing  stations. 

In  the  North,  a  compost  prepared  from  this  fish  refuse,  is  generally 
esteemed  as  a  manure  for  barley  and  ereen  crops,  but  when  extensively 
used,  *'  is  said  to  render  the  soil  unfit  tor  the  production  of  oats."  Such 
soil  is  said  to  be  poisoned. f 

3°.  Whale  blubber. — When  the  soil  is  expressed  from  whale  blub- 
ber, a  skinny  or  membraneous  refuse  remains,  whi^h  has  hitherto  been 
employed  only  as  a  manure.  It  is  made  into  a  compost  with  earth, 
which  is  several  times  turned,  and  the  mixture  is  most  usefully  em- 
ployed after  it  has  lain  not  less  than  9  or  12  months.  It  maybe  applied 
either  to  grass  or  to  arable  land. 

4''.  Whale  oil,  and  that  of  other  fish,  when  made  into  a  compost  with 
earth  and  a  little  lime  or  wood  ashes,  yields  a  manure  which  waa  much 
recommended  by  the  late  Dr.  Hunter  of  York.t  Merely  mixed  with 
absorbent  earth,  and  applied  at  the  end  of  one  month,  impure  whale 
oil,  at  the  rate  of  40  gallons  per  acre,  gave  the  late  Mr.  Mason,  of 
Chilton,  near  Durham,  a  crop  of  23|  tons  of  turnips,  while  40  bushels 
of  bones  gave  him  only  22  tons.  More  recently,  also,  it  has  been  found 
that  the  mixture  of  a  few  gallons  of  oil  with  the  usualquantity  of  bone- 
dust  increased  to  a  considerable  degree  the  turnip  crop  to  which  it  was 
applied.  In  a  theoretical  point  of  view,  it  would  be  interesting  to  es- 
tablish the  fact,  that  pure  oil  is  capable  of  promoting  in  a  large  degree 
the  growth  and  produce  of  our  cultivated  crops— though,  as  a  resource, 
of  which  farmers  in  general  can  avail  themselves  where  other  manure 
is  scarce,  its  high  price  will  probably  prevent  it  from  ever  becoming  ex- 
tensively useful* 

§  8»  EelaUve  fertilizing  value  of  the  animal  manures  already 
described. 

No  sufficiently  decisive  experiments  are  yet  upon  record,  from  which 
the  relative  value  of  the  several  animal  manures  above  described  can 
be. satisfactorily  deduced.  That  they  differ  in  fertilizing  power  every 
farmer  is  aware,  but  it  is  not  yet  decided  by  actual  trial,  m  what  pro- 
portion one  of  them  exceeds  the  other. 

I  have  already  stated  to  you  (p.  440)  the  theoretical  opinion  enter- 
tained by  many,  that  the  efficacy  of  all  manures  is  in  proportion  to  the 
guantUy  of  nitrogen  they  contain.    Adopting  this  principle  as  true,  it  is 

*  Fourteen  barrets  of  berrfnga  yield  one  of  refnsa. 

tjloclair'e  SiatiHieat  Aeeouni  qf  Seotkmd,  tIL,  p.  201,  qnoted  in  BritUk  Huabntdry,  L, 
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ea«y  to  assign  to  each  substance  its  proper  place  in  an  artificial  table. 
The  last  ooluinn  in  the  following  table  shows  the  quantity  of  each  sub*' 
stance  m  t/t  crdinary  $(aU  of  dryness^  which  will  be  necessary  to  pro- 
duce the  same  eflect  as  100  lbs.  of  common  farm-yard  manure,  sup- 
posing this  efiect  to  be  determined  by  the  nitrogen  alone. 


Bqwdeflteti 

Water  pM- cent 

Alb  per  ceot 

NlUrorni  per  ceot 

Farm-yard  manure    .       80 

1 

1 

100  lbs. 

Flesh         .       .        .        T7 

1 

3| 

14    " 

Pish          ...       80 

•9 

4 

90    " 

Blood                        .  79  to  83 

1 

3 

16    " 

Blood  dried*              .  19  to  90 

3« 

19  to  13 

8    " 

Skin  ....       58 

1 

8 

19    " 

Wool,  hair,  and  horn    9  to  11 

1  to9 

16 

6    •* 

Bones        ...        14 

40  to  60 

5  to9 

11  to  90" 

Refuse  charcoal  of  the 

Su^r  woriEs               48 

1 

1 

50    •• 

Animahzed  carbon    .       46 

1 

1 

50    " 

I  have  already  had  occasion  to  remark,  however,  that  this  mode  of 
classifying  manures  is  not  altogether  to  be  depended  upon.    Since— 

1°.  It  does  not  take  into  account  the  quantity  of  inorganic  matter  they 
severally  contain,  which  as  shewn  in  the  third  column  is  particularly 
large  in  bones,  and  is  by  some  considered  as  the  (most?)  important  and 
influential  constituent  of  this  manure.  Nor  is  any  effect  ascribed  to 
such  substances  as  the  sulphur,  which  in  hair  and  wool  forms  nearly  6 
per  cent,  of  their  whole  weight,  and  which  cannot  be  wholly  without 
influence  upon  the  plants,  by  which,  as  they  decay,  the  elements  of 
these  manures  may  happen  to  be  absorbed. 

2^.  It  passes  by  the  practical  influence  of  the  quantfty  of  water  which 
Che  several  substances  contain.  Flesh,  fish,  blood,  and  skin,  in  their 
recent  state,  contain  so  much  water  that  they  begin  almost  immediately 
to  decompose,  and  thus  expend  most  of  their  fertilizing  virtue  upon  the 
first  crop  to  which  they  are  applied.  Hair  and  wool,  on  the  other  hand, 
retain  so  little  water  that  they  decay  with  great  slowness.  Hence,  the 
true  amount  of  the  action  of  these  fatter  substances  cannot  be  estimated 
in  a  single  year,  and  must  therefore  be  altogether  a  matter  of  theory 
until  a  series  of  careful  observations,  made  in  consecutive  years,  shall 
afibrdsome  decisive  facts  upon  which  to  reason. 

3°.  This  is  confirmed  by  the  statement  of  Boussingault  and  Payen,t 
that  the  efiect  of  the  animal  charcoal  of  the  sugar  refiners  and  of  the 
animalized  carbon  is,  hy  experience^  five  times  greater  than  the  propor- 
tion of  nitrogen  they  contain  would  indicate ;  and— 

4^.  If  pure  oil,  which  contains  no  nitrogen  at  all,  will  yet  prodiice  an 
enriching  manure  by  mere  mixture  with  the  soil  (p.  454),  or  will  in- 
crease greatly  the  effect  of  bones — ^we  must  obviously  seek  for  some 
other  principle  upon  which  to  account  for  the  effect  of  ipanures,  besides 
or  in  addition  to  the  proportion  of  nitrogen  they  contain.  It  is  true  that 
the  impure  or  refuse  whale  oil  used  for  composts  may  contain  some  ni- 
trogen, but  we  can  scarcely  suppose  250  or  300  lbs.  of  such  oii  to  hold 

•  As  it  is  aotd  for  mannre  at  Pftrls  and  elsewherej).  443. 

t  AamaSu  d»  Chim,  et de  Phyt^  3d  mHm,  iU.,  p.  M.      ^^^^^^^  ^y  CjOOg Ic 
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•0  oioefa  of  this  element  as  to  aceonnt  far  all  the  efiects  which  the  oil 
it  said  to  have  produced. 

While,  then,  we  put  so  much  faith  in  theory  as  to  belieTe,that  sob- 
ataoces  which  contain  much  nitrogen  are  very  likely  to  prove  valuable 
manures, — we  must  not  allow  ourselves  to  be  so  carried  away  by  the 
aimpllcity  of  the  principle  as  to  believe  either  that  their  relative  eflects 
upon  our  crops  may  be  altoays  estimated  by  the  proportion  of  nitrogen 
they  contain,  or  that  a  substance  may  not  largely  increase  the  produce 
of  our  fields  in  which  no  nitrogen  is  present  at  all.  Indeed  the  effects 
of  saline  substances  alone  aro  sufficient  to  satisfy  us  how  onirne  to  na- 
ture this  latter  opinion  would  be. 

)  9.  Of  the  droppings  of  fowls-— pigeont^  dwng^  trnd  gwm&. 

The  droppings  of  birds  form  one  of  the  most  powerful  of  known  ma- 
nures. This  arises  in  part  from  the  circumstance  that  in  the  economy 
of  birds  there  is  no  final  separation  between  the  liquid  and  solid  excre- 
tions.    Both  escape  mixed  together  from  the  same  aperture. 

1^.  Pigeons*  dung  is  much  prized  as  a  manure  wherever  it  can  be 

obtained  in  any  considerable  quantity.     In  Belgium  it  is  esieenicd  as  a 

top-dressing  for  the  young  flax,  and  the  yearly  produce  of  100  pigeons 

is  sold  for  about  20s.     Its  immediate  effect  depends  upon  the  quantity 

of  soluble  matter  it  contains,  and  this  varies  much  according  to  its  age 

and  the  circumstances  under  which  it  has  been   preserved.     Thus 

Davy*  and  Sprengel  obtained  respectively  of 

Recent.  Biz  months'  okL  Afler  fermentaUon. 

(D»vy.)  (Bprenfel.)  (Davj.) 

t^"S"  i  33  P«  «»«•  16  per  cent  8  per  oeat 

The  soluble  matter  consists  of  uric  acid  in  small  quantity,  of  urate, 
sulphate,  and  especially  of  carbonate  of  ammonia,  common  salt,  and 
sulphate  of  potash ; — the  insoluble  chiefly  of  phosphate  of  lime,  with  a 
little  phosphate  of  magnesia,  and  a  variable  admixture  of  sand  and 
other  earthy  roatters.f  When  exposed  to  moisture,  the  pigeons'  dung, 
especially  tf  recent,  undergoes  fermentation,  loses  a  portion  of  its  am- 
jnoniacaf  salts,  and  thus  becomes  less  valuable.  When  it  is  intended 
to  be  kept  it  should  be  miaed  with  a  dry  vegetable  soil,  or  made  into  a 
compost  with  earth  and  saw -dust,  wuh  a  portion  of  pulverized  or 
charred  peat,  or  with  such  a  disinfecting  charcoal  as  that  which  is  em- 
ployed in  the  manufacture  of  the  animalized  carbon  above  described. 

S^.  Hens*  dung  oAen  accumulates,  decomposes,  and  runs  to  waste  In 
poultry  yards,  when,  with  a  little  care,  it  might  be  collected  in  conside- 
rable quantities. 

3^.  Croose  dung  is  less  rich  than  that  of  hens  or  pigeons,  because  this 
bird  feeds  less  upon  grain,  and  derives  a  considerable  portion  of  its 
nourishment  from  the  grass  which  it  crops,  when  allowed  to  go  at  liberty 
over  the  fields.  Its  known  injurious  eflects  upon  the  crass  upon  which 
it  falls  arise  from  its  being  in  too  concentrated  a  state.  In  moist  weather, 
or  where  rain  soon  succeeds,  it  does  no  iigury,  and  oven  whei}  in  dry 

.     •  IHiTj'a  AgrfcuUural  Chemiatry^  Lectune  VI. 
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v^cather  it  kills  the  blades  on  which  it  drops,  it  brings  up  the  succeeding 
shoots  with  increased  lu)curiiihce. 

4".  Rooki'  dtmg  unites  with  the  leaves  oT  the  trees  among  which 
they  live,  in  eanchingthe  pasture  beneath  them.  In  old  rookeries  the 
soil  is  observed  also  to  be  slowly  elevated  above  the  surrounding  land* 
This  surface  soil  I  havefijund  to  be  especialiv  rich  in  phosphate  of  lime, 
which  has  gradually  accumulated  and  remained  in  it  while  the  volatile 
and  soluble  parts  of  the  droppings  of  the  biiHs  have  slowly  disappeared* 

&^.  Guano  is  the  name  given  to  the  accumulated  dung  chiefly  of  sea 
birds,  which  is  found  upon  the  rocky  promontories,  and  on  the  islands  that 
skirt  the  coast  of  South  America,  from  the  13th  to  the  21st  degree  of 
south  latitude.  Id  that  part  of  America,  the  climate  being  very  dry,  tho 
droppings  of  the  birds  have  decomposed  with  exceeding  slowness,  and 
upon  some  spots  have  continued  to  accumulate  for  many  centuries, 
forming  layers,  more  or  less  extensive,  of  10,  20,  and  at  certain  places 
it  is  said  even  60  (?)  feet  in  thickness.  In  some  places  the  more  ancient 
of  these  depositee  are  covered  by  layers  of  drift  sand,  which  tend  fur- 
cbef  to  preserve  them  from  decay.  In  our  moist  climate  the  dung  of 
the  sfea  fowl  is  readily  washed  away  by  the  rains,  so  that  even  where 
sea  birds  most  abound  no  considerable  quantity  of  guano  can  ever  be 
expected  to  collect. 

The  solid  part 'of  the  droppings  of  birds  in  general,  when  recent,  con- 
sists chiefly  of  nric  acid,  with  a  little  urate  of  ammonia,  and  a  variable 
pck--eemage  of  phosphate  of  lime  and  other  saline  compounds*  The 
liquid  part,  like  the  urine  of  other  animals,  contains  much  urea,  with  some 
p»ho8phaies,  sulphates,  and  chlorides.  The  uric  acid  and  urea,  however, 
gradually  undergo  decomposition,  and  are  changed  into  carbonate  and 
other  salts  of  ammonia.  If  applied  to  the  land  when  this  stage  of  de- 
coiBpoakion  is  attained,  they  form  an  active,  powerful,  and  immediately 
operating  manure;  but  if  allowed  to  remain  exposed  to  the  air  for  a 
lengiheoed  p^iod  of  time,  the  salts  of  ammonia  gradually  volatilize, 
ajxl'  the  efficacy  of  what  remains  becomes  greatly  diminished. 
Heoee,  the  guano  which  is  imported  into  tins  country  is  very  variable 
lit  quality,  some  samples  being  capable  of  yielding  only  7  per  cent,  of 
ammonia,  while  others  are  said  to  give  as  much  as  25  per  cent.  Of  two 
portions  taken  by  myself  from  the  same  box»,.(he  one  contained  8  per 
cent,  and  the  other  only  1|  per  cent,  of  sand,  while  their  other  constitu- 
eots  wore  as  follows  :«— 


1®.  percent 

Wafer,  salts  of  ammonia,  and 
organic  matter  expeHcd  by 
a  red  heat  ....         23  5 
Sulphate  of  soda    .  .     ,      1^ 

Common  salt,    with   a  little 

phosphate  of  soda  .         303 

Phosphate  of  lime,  with  a  little 
phosphate  of  magnesia  and 
carbonate  of  lime  44*4 


100 


"•    -J3^.  percent 

Ammonia    ....  7*0 

Uric  acid     ....  08 

Water  and  carbonic  and  ox- 
alic acids,  ftc,  expelled  by 
a  red  heat  .         51'5 

Common  salt,  with  a  little 
sulphate  and  phosphate  of 
soda  11^ 

Phosphate  of  lime,  &c.        *        29*9 

100 


On  the  other  hand.  Dr.  Ure  gives  the  following  as  the  average  result 
of  his  analyses  of  genuine  guano: — 
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Organic  matter  containing  nitrogen,  including  urate  of  ammonia,  and 
capable  of  affording  from  8  to  17  per  cent  of  ammonia  by  slow  de- 
composition in  the  soil SO 

Water 11 

Phosphate  of  lime 95 

Ammonia,  phosphate  of  magnesia,  phosphate  of  ammonia,  and  oxalate 

of  ammonia,  conudning  firom4  to  9  per  cent  of  ammonia  13 

Siliceous  matter  from  the  crops  of  the  birds 1 

100* 
Others  have  ftmnd  sand  in  much  laiiger  proportion  than  was  present  in 
the  samples  examined  by  myself— while  it  may, -I  think,  be  taken  Ibr 
granted  that  very  little  of  what  comes  to  this  coomry  is  so  rich  in  soluble 
matter,  contalniofi;  ammonia  or  its  elements,  as  is  repiesented  by  the 
analysis  of  Dr.  Ure.t 

Variable  as  its  oompoftilton  is,  however,  there  is  now  no  doubt  that 
any  of  the  samples  yet  brought  into  the  English  market  may  be  advan- 
tageously applied  as  a  manure  to  alnoost  any  crop.  From  the  moat 
remote  period  guano  has  been  the  chief  manure  applied  to  t)ie  land  on 
tlie  parched  shores  of  Peru— and  at  the  present  day  it  is  not  only  eon- 
ployed  for  the  same  purpose  in  the  provinces  which  lie  along  the  eoaat, 
but  it  is  also  carried  across  the  desert  of  Atacama  many  leagues  inlandt 
**  on  the  backs  of  mules  over  rough  mountain  paths,  and  at  a  great  ex- 
pense, for  the  use  of  the  agricultural  districts  of  Peru  and  Bolivia."t  It 
has  been  estimated  that  a  hundred  thousand  quimals||  are,  at  the  present 
day,  annually  sold  in  Peru.  There  also  the  quantity  and  the  price 
vary — the  recent  white  guano  selling  usually  at  3s.  6d.,  the  mcnne  re- 
cent red  and  grey  varieties  at  9s.  3d.  per  cwt.  (Winterfeldc).!  In  this 
country,  the  latter— the  only  variety  yet  imported— eells  at  present 
(1843),  at  about  lOs.  a  cwt. 

In  regard  to  the  efiecrs  of  gnano  upon  various  crops  many  important 
experimental  results,  obtained  in  1849,  will  be  found  in  the  Appendix. 
I  here  insert  a  few  of  the  more  important  of  these,  along  with  some 
others  made  in  the  more  southern  counties,  which  appear  to  be  highly 
deserving  of  conaideration* 


*  Dy  way  of  comparison,  I  Insert  here  the  approximate  eompoaliioa  of  the  solid  part  of  the 
ezcremeDis  of  four  different  Tarietles  of  ea(le,  aa  determined  by  Coindec :—  i 

American  American        Grind  Daks 

BenefralBa^     HuoUnsEafle.     Fiehins  Eafle.       ofVinrioia. 
Crioacid       .       .       897«r^  9037  84  66  88-71 

Ammonia      .  7-66  867  9'20  6  56 

Pboaphate  of  Ume  2^96  076  616  2-74 

100  100  100  1X(«) 

(a)  Gmelln  ffandbuch  der  Okemfe,  IL,  p.  1466. 

t  The  preaence  of  ammonia  in  tmuM  !•  readily  ascertained  by  mixing  it  with  a  little 
alaked  lime— when  the  odonr  of  ammonia  will  be  Immediately  pexvelved,  and  will  iMStroiMr 
tn  proportion  to  the  quantity  coDtaioed  In  the  guano. 

t  Sllllman'a  Journal,  zliv.,  p.  la 

I  The  quintal  la  eqoal  to  I01|  Ibe.  aTolrdnpoia. 

♦  For  further  particulara  reftardinc  guana  the  reader  is  refened  to  a  paper  In  the  JburiMi 
itfOU  Royal  AgncuUural  Sbeiety,  IL,  p.  301.  ^ 
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1^.  Fann-yard  dung  20 

Guano  3 

d^.  Fann-Tard  dung  90 

Guano*  .  2^ 
Bones 


Guanot 

Rape-dust 

Bone-dust 

1°.  Guano 

Rape-dust 
S^.  Guano 

Rape-dust. 

BoneKlost. 
3^.  Guano 

Rape-dust. 

Bone-dust . 


Sfwedisk  Turnips. 
Produce  per  acre, 
loue.    cw(. 
18 
33 
16 
17 
15 


tons, 
cwt 
tons, 
cwt. 
bush, 


g  I  Barochan,  near  Paisley. 


'U 


5 
15 
30 

3 
1 
4 
1 

46 
4 
1 

45 


j^  C  P*""**  of  WraxaH,  Somerset 

Ydlow  TVn^ps. 
cwt  32  3; 
bSk.       n    ^jjBan,chan,nearPaisley. 


cwt 

ton. 

cwt 

ton. 

bush. 

cwt 

ton. 

bush. 


Potatoes, 
18 
12 
14 
10 
9 
13 
13 
13 


91 

6 

6 

0 
15 
14 

0 
14 


Baiochan.  In  all  these  cases 
the   manures  were  put   in 

'  alone  with  the  potatoe  cut- 
tings, no  other  manure  being 
afterwards  added. 


^^^i^^^!^^.^ll^^  ^^^  "^  •^  ^"*^«;  in  1849,  one  cwt  of 
^;iiaiio  per  aeie  produced  no  important  increase.  This  miirht-  hni^v«r  K«  \^ 
ing  to  the  extreme  diyness  of  the  season  (ApJ^,  NaS!)  '  ^ ''''" 

meat. 


Top-drened  with 


1«».  Guano 

Rape-dust 

Undressed 
fi^.  Guano 

Undressed 
3°.  Guano 

Undressed) 
4®.  Guano 

Nitrate  of  Soda 

Undmsed 
6^.  Guano 

Nitivte  ot  Soda 

Undressed 

Guano 
Undressed 

!*>.  Guano 

Undressed 
9°.  Guano 

Nitrate  of  Soda 
Undressed 


1    cwt. 
16    cwt 

3    cwt. 

3    ewt 

1    cwt 
1    cwt 

U  cwt 
li  cwt 


Produee  pera«re. 


LoeeUijr. 
Lennox  Lore,  near  Haddine- 

ton- 
drought  T«ry  great 


48  0 
51  0 
471    0 

34  56 1  ^"<>chan 

33  20 

31  31 

46  15 

51  l8>ErBkine,  Renfi«wshiie.N 


[  Gadgirth,  near  Ayr. 


44 
45 
41 
39 


4* 

0^ 


Seisdon,  Worcestershiie.! 


Barley, 
3    cwt        64      0)„       . 

47    15  i  R"w™n' 


2    ewt 


cwt 
ewt 


Oals, 
70 
52 
48 
50 
49 


0 1  Lennox  Love,  near  Haddine- 
Of     ton.  * 


16  i 
OjErskine, 


Renfrewshire. 


4  ff*^  ''.'?' 1*=!^  <»^  ehareoel  powder, 
t  Mljced  with  20  boeheU  of  wocN^uhee. 
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Beams. 

Produce  per  men. 


Guano 
Rape-dust . 
Nitrate  of  Soda. 
Undrewmd 


1^.  Guano 

NitimteofSoda 

Undreiaed 
d°.  Guano 

Nitrate  of  Soda 

Undrested 


9 

16 

1 


cwt. 
cwt 
ewt. 


?*1 


Lennox  Love,  near  Haddington. 


1|  cwt 
U  cwt 

1|  ewt 
1|  ewt 


Hay. 
ton*,  cwt 


181 

10  '  Barochan,  near  Paialey. 

o    I 

17 , '  Enkine,  Renfiewahiie. 
10) 


An  inapectioD  of  the  above  results  appears  to  indicate  that  guano  is 
more  uniformly  successful  with  root  crops,  than  when  applied  as  a  top- 
dressing  to  com  and  grass.  The  unusual  drought  which  prevailed  in 
1842  no  doubt  materially  diminished  its  action,  when  used  as  a  top- 
dressing — and  the  results  upon  the  corn  crops  in  a  more  moist  season 
may  probably  prove  more  generally  favourable  to  its  use  as  an  econo- 
mical manure. 

Some  experiments  seem  already  to  indicate  that  the  favourable  in- 
fluence of  guano  does  not  cease  with  the  first  season.  If  the  phosphate 
of  lime  which  they  contain  operate  in  any  way  in  prolonging  the  fer- 
tilizinff  operation  of  bones,  the  large,  tttouch  variable,  quantity  of  this 
phosphate  contained  in  (Hiaoo  should  render  this  latter  substance  also 
capauie  of  permanently  improving  the  soil. 

By  exposure  to  the'  air,  guano  gradually  gives  off  a  portion  of  its 
volatile  constituents;  it  ought,  therefore,  to  be  kept  in  covered  vessels 
or  casks.  It  also  in  our  climate  absorbs  moisture  from  the  air,  and 
therefore  should  be  purchased  as  soou  as  possible  after  importation. 
When  a|>plied  as  a  top-dressing  it  may  be  conveniently  mixed  with  an 
equal  weight  of  gypsum  or  wood-ashe»— with  charcoal  powder,  or  with 
fine  dry  soil. 

§  10.  Cf  liquid  amnud  numurei'^the  urine  of  tMn^  of  ikt  oow^  (fte- 
AoTM,  iht  sheep^  and  the  pig, 

Tlie  foUowios  table  exhibits  the  average  proportions  of  water,  and  of 
the  solid  organic  and  inorganic  matters  contained  iq  the  urine  of  man 
and  some  other  animals  in  their  healthy  state— and  the  average  quan- 
tity voided  by  each  in  a  day  ^— 

Water  Solid  matter  In  1000  parts. 

Urine  of  in  * " 

lOOOjiarfa.  Oiipinio.      Inoifanlc         TMaL 
969«  S3-4  1-6  31 


Horse 
Cow 
Pig   . 
Sheep 


940 
930 
996 
960 


97 
50 
66 
98 


33 
90 
18 
19 


60 
70 
74 
40 


ATerageoM 

tiry  voided  in 

aihoarff. 

3  IBs. 

3     " 

40t   « 

1 


•  Alfred  Becqaerel.    See  TlMiMmi'a  XnAnof  CtoiiMry,  p.  437.    It  fa  to  Im  obaerved  Uiat 
iii:  A  oSriXASr.'tii.^;?.^  '^^  of-rlneanywiEf  »llk. 

uigmzeu  uy  >-j  v^^/Ti  i\^ 
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or  natural  liquid  manures,  the  most  important  and  valuable,  though 
the  most  neglected  and  ibe  most  wasted  also,  consist  of  the  urine  of 
roan  and  of  the  animals  he  has  domesticated. 

The  efficacy  of  urine  as  a  manure  depends  upon  the  quantity  of 
solid  matter  which  it  holds  in  solution,  upon  the  nature  of  this  solid 
matter,  and  especially  upon  the  rapid  changes  which  the  organic  part 
of  it  is  known  to  undergo. 

The  numbers  in  the  above  table  show  that  the  urine  of  the  cow,  esti- 
mated by  the  quantity  of  solid  matter  it  contains,  is  more  valuable  than 
that  of  any  other  of  our  domestic  animals,  with  the  exception  of  the  pig. 
But  the  quantity  voided  by  the  cow  must  be  so  much  greater  than  by 
the  pig,  (bat  in  annual  value  the  urine  of  one  cow  must  greatly  exceed 
that  of  many  pigs. 

It  might  be  supposed  at  first  that  in  all  animals  the  quantity  of  urine 
voided  would  have  a  close  connection  with  the  quantity  of  water  which 
each  was  in  the  habit  of  drinking.  But  this  is  by  no  means  the  case. 
Thus  it  is  the  result  of  experiment  that  in  man  the  drink  exceeds  the 
urine  voided  by  ctbotU  one-tenth  part  on/y— while 

Of  water  tn  21  hpan.  Of  urine  in  94  hoan. 

A  hone,  which  .drank       35  lbs.       gave  only       3  lbs. 
A  cow,  which  drank       132  lbs.        gave  18  lbs.,  and 

19  lbs.  of  milk  (Boussingault). 

How  very  large  a  quantity  of  the  liquid  they  drink  must  escape  from 
the  horse  and  the  cow  in  the  form  of  insensible  perspiration !  That  this 
should  be  very  much  greater  indeed  than  tn  man»  we  are  prepared  to 
expect  from  the  greater  extent  of  surface  which  the  bodies  of  these  ani- 
mals present. 

Let  us  now  examine  more  closely  the  composition  of  urine,  the 
changes  which  by  decomposition  it  readily  undergoes,  and  the  effect  of 
these  changes  upon  its  value  as  a  manure. 

1°.  Human  urine. — The  exact  composition  of  the  urine  of  a  healthy 
individual  in  its  usual  state  was  found  by  Berzelius  to  be  as  follows  :— 

Phosphate  of  soda  .        39 

Phosphate  of  ammonia        .        VS 
Common  salt      ...       4-5 
Sal-ammoniac     .        .        .        1'5 
Phosphates  of  lime  and  mag^ 
nesia,  with  a  trace  of  silica 
and  of  fluoride  of  calcium,        1 1 

1000 

From  what  I  have  already  had  occasion  to  state  in  regard  to  the  ac- 
tion upon  living  plants,  of  the  several  sulphates,  phosphates,  and  other 
saline  compounds,  mentioned  in  the  above  analysis,  you  will  see  that 
the  fertilizing  action  of  urine  would  be  considerable,  did  it  contain  no 
other  solid  constituents.  But  it  is  to  the  urea  which  exists  in  it  in  very 
much  larger  quantity  than  any  other  substance,  that  its  immediate  and 
marked  action  in  promoting  vegetation  is  chiefly  to  be  ascribed.  This 
urea,  which  is  a  white  salt-like  substance,  consists  of— 

Carbon-    .     .    200  per  cent.  I  Nitrogen    .     •    46*7  per  eent. 
Hydrogen     •      6-0        •*         Oxygen     .    .    26-7        •* 

-100 


Water        .... 

9330 

Urea 

301 

Uric  acid    .... 

1-0 

Free  lactic  add,  lactate  of  am- 

monia, and  animal  matter 

not  separable   . 

171 

Mucus  of  the  bladder  . 

0-3 

Sulphate  of  potash 

3-7 

Sulphate  of  soda 

3-2 
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tt  \^  therefore,  f)ir  richer  (ti  nitrogen  than  desh,  blood,  or  any  ofthoae 
other  richly  fertilising  subsiances,  of  which  ibe  main  efficacy  is  sup- 
posed iode|ien(J  upon  the  large  proportion  of  nitrogen  they  contain. 

But  urea  possesses  this  further  remarkable  property,  that  when  urine 
begins  to  ferment,— as  it  is  known  to  do  in  a  few  days  after  it  is  voided 
"-•It  changes  entirely  into  carbonate  of  ammonia.*  Of  the  ammonia 
thus  formed  a  fiortion  soon  begins  to  escape  into  the  air,  and  hence  the 
strong  ammoniacal  odour  of  fermenting  urine.  This  escape  of  ammo- 
nia continues  ft>r  a  long  period,  the  liquid  becoming  weaker  and  weaker, 
and  consequently  less  valuable  as  a  manure  every  day  that  passes.  Ex- 
perience has  shewn  that  recent  urine  exercises  in  general  an  unfavoura- 
ble action  upon  growing  plants,  and  that  it  acts  most  beneficially  after 
fermentation  has  freely  begun,  but  the  longer  time  we  suffer  to  elapse 
after  it  has  reached  the  ripe  state,  the  greater  the  quantity  of  valuable 
manure  we  permit  to  go  to  waste. 

2^.  The  wine  of  the  cow  has  been  analysed  in  several  states  by 
Sprengel,  with  the  following  results  in  1000  parts  : — 

Allowed  to  ferment  for  four  weeks 

Fresh.  in  the  opeo  ahr. 

A.  B. 

Water          ....       926-9  954*4  9348 

Urea 40O  100  60 

Mucus         ....           2-0  0*4  0-3 

Hippurie  and  lactic  acids     .           6-1  7*5  O'fi 

Carbonic  acid      ...           2-1  1*7  153 

Ammonia     ....           21  4*9  16-2 

Potash 6-6  6-6  6-6 

Soda 55  55  5*6 

Sulphuric  acid      .        .        .           40  39  3*3 

Phosphoric  acid   ...           0-7  0*3  1-5 

Chlorine       ....           27  27  2-7 

Lime 0*6  trace  trace 

Magnesia     ....           0^  0-2  04 
Alumina,  oxide  of  iron,  and  oxide 

ofmanganese    •        •        •           0-1  trace  — 

SiKca    .        •        •        •        •           0-4  01  0*1 


1000  996-2  999-0^ 

The  first  variety  of  fermented  urine  (A.),  had  stood  four  weeks  in  the 
air  in  its  natural  state  of  dilution ;  the  second  (B.),  had  been  mixed 
while  recent  with  an  equal  bulk  of  water — which  is  again  deducted  from 
it  in  the  analysis — witli  the  view  of  ascertaining  how  far  such  an  admix- 
ture would  tend  to  retain  the  volatile  ammonia  produced  by  the  natural 
decomposition  of  the  urea. 

An  inspection  of  these  tables  shews  three  facts  of  importaDce  to  the 
a£  riculiurist— » 

*  This  takes  place  bj  the  decomposition  at  the  same  dme  of  two  atoms  of  the  water  in  which 
It  la  diaaolred.  Thna  area  Is  represented  by  C2  H4  N<  Os ;  two  of  water  by  2  H  O ;  and  caiw 
booate  of  ammonia  by  N  lis  -)-  C^'i  utd  the  change  is  thus  ahewn-^ 

2  of  2  of 

^   J9^^  ^     .  Water.  Carbonate  of  Ammonia. 

Cs  H«  Ni  Oi  -f  2  U  O  =:  2  (N  Hs  +  C  Ot) 

t  TJje  small  quanUty  necessary  to  make  up  the  1000  parts  In  the  two  biter  analyses  cob- 

iUSI  'li^i?^^^^  of  Mrbonate  and  phosphate  of  iime  and  other  earthy  mattMV  which  had 

fS&^nSi^'Sn  ?Sr'^|J°f ^»"H»randofsulphttreltedhydwtwi.-«e6BpfeD. 

(el,  LMtte  pom  UUmgar^  pp.  ICW  to  IIO.  ugmzeu  Dy'^^jOvy-t  i>^        "^ 
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1^.  That  the  qaanttty  of  urea  in  the  urine  of  the  cow  is  eonsiderahly 
greater  than  in  that  of  man.  2^.  That  as  the  urine  ferments,  the  quantity 
of  urea  diminishes,  while  that  of  ammonia  increases— owing,  as  i 
have  already  stated,  to  the  gradual  decomposition  of  the  urea  and  its 
conversion  into  carbonate  of  ammonia ;  ana,  3"^.  That  by  dilution  with 
ao  equal  bulk  of  water  the  loes  of  this  carbonate  of  ammonia,  which 
would  otherwise  naturally  take  place,  is  in  a  considerable  degree  pre- 
vented. The  quantity  of  ammonia  retained  by  the  urine^  after  dUution, 
tD(u  in  the  $ame  circumstances  nearly  three  times  as  great  €ts  when  it  was 
allowed  to  ferment  in  the  state  in  which  it  came  from  die  cow. 

But  even  by  this  dilution  the  whole  of  the  ammonia  is  not  saved. 
One  hundred  parts  of  urea  form  by  their  decomposition  56i  parts  of  am- 
monia, and  as  36  parts  of  the'  urea  in  the  urine  B.  had  disapppeared, 
there  ought  to  have  been  in  its  stead  19  parts  of  ammonia  in  addition  to 
that  which  the  urine  contained  in  its  recent  state,  or  21  parts  in  all— 
whereas  the  table  shews  it  to  have  contained  only  16  parts.  Even  when 
diluted  with  its  own  bulk  of  water,  therefore,  the  urine  had  lost  by  fer- 
mentation in  the  open  air  upwards  of  one-fourth  of  the  ammonia  pro- 
duced in  it  during  that  period.  This  shews  the  necessity  of  causing  our 
liquid  manures  to  ferment  in  covered  cisterns,  or  of  adopting  some  other 
means  by  which  the  above  serious  loss  of  the  most  valuable  constitueou 
may  be  prevented. 

3^.  The  urine  of  the  horse,  sheep,  and  pig,  haye  not  been  so  carefully 
analysed  as  that  of  the  cow.  They  consist  essentially  of  the  same  con- 
stituents, and  the  specimens  which  have  been  examined  were  found  to 
contain  the  three  most  important  of  these  in  the  following  proportions : 


Sheep.  Fig. 

Water 940  960  926 

Urea 7  1  38  56 

Saline  substances      .      53  12  16 

1000  1000  1000 

Some  of  the  saline  substances  present  in  the  urine,  as  above  stated, 
contain  nitrogen.  This  is  especially  the  case  in  the  urine  of  the  horse, 
so  that  the  quantity  of  urea  above  given  is  not  to  be  considered  as  repre- 
senting the  true  ammonia-producing  power  of  the  urine  of  this  animal. 
The  urine  of  the  pig,  if  the  aboye  analysis  is  to  be  relied  upon  as  any 
thing  like  an  average  result,  is  capable  of  producing  more  ammonia  from 
the  same  quantity  than  that  of  any  other  of  our  domestic  animals. 

§  11.  Of  the  waste  of  liquid  manure^^f  uraU,  and  of  svlphated  urine, 
1^.  Waste  of  human  urine. — The  quantity  of  solid  matter  contained 
in  the  recent  urine  voided  in  a  year  by  a  man,  a  horse,  and  a  cow,  and 
the  weight  of  ammonia  they  are  respectively  capable  of  yielding,  may 
be  represented  as  follows  :-— 

QauititT  oforioe.    Solid  matter.    CoBtainiiigorttrea.     And  vleklliic  ofemmoole. 
Bian  1000  lbs.  67  lbs.  30  Om.  17  lbs. 

Horse         1000  '<  60  "  1  'i 

Cow         13000  "  900  «  400  «  «0* " 

*  The  nambera  fiTen  abore,  and  in  p.  460,  are  ealcnlated  from  the  enatyvia  of  the  orlne  of 
Che  horae  bj  I^werou  and  Fattfwetfn,  and  of  that  of  the  cow  by  SprmgeL  Bouaiingaul't 
bowvYer,  obtained  Tery  (liflTereot  roaulca.    Thua  a  cow  ag^,  jyj^iq|a,^^^whteh  hie  expert- 
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How  mach  of  all  ibis  enrichiog  matter  is  permitted  to  ran  to  waate  T 
The  solid  subatances  contained  io  urine,  if  all  added  to  the  land,  woold 
be  more  fertilizing  than  guano,  which  now  eella  at  <3ClO.  a  ton.  If  we 
esumate  the  urine  of  each  individual  on  an  average  at  only  600  lbs., 
then  there  are  carried  into  the  common  sewers  of  a  city  of  15,000  in- 
habitants, a  yearly  weight  of  600,000  pounds,  or  270  tons,  of  manure, 
which,  at  the  present  price  of  guano,  is  worth  <£2700.— which  woold  no 
doubt  prove  more  fertilizing  than  its  own  weight  of  guano,  and  might  be 
expected  to  raise  an  increased  produce  of  not  less  than  1000  qrs.  of  grain. 

The  saving  of  all  this  manure  would  be  a  great  national  benefit, 
though  it  is  not  easy  to  see  by  what  means  it  could  be  eflfectually  ac- 
complished. What  is  thus  carried  off  by  the  sewers  and  conveyed  ol- 
timateiy  to  the  sea,  is  drawn  from  and  lost  by  the  land,  which  must,  there- 
fore, 10  a  certain  extent  be  impoverislied.  Can  we  beUeve  that  in  the 
form  offish,  of  sea  tangle,  or  of  spray,  the  sea  ever  delivers  back  a  tithe 
of  the  entichini[  matter  it  daily  receives  from  the  land  } 

2^.  l/rate.«— In  order  to  prevent  a  portion  of  this  waste,  the  practice 
has  been  introduced  into  some  large  cities  of  collecting  the  urine,  addii^ 
to  it  one-seventh  of  its  weight  of  powdered  gypsum,  allowing  the  whole 
to  stand  for  some  days,  pouring  oflf  the  liquid  and  drying  the  powder. 
Under  the  name  of  waU  this  dry  powder  has  been  highly  extolled,  bat 
it  can  contain  only  a  small  portion  of  what  is  really  valuable  in  urine. 
The  liquid  portion  poured  ofi*  must  contain  most  of  the  soluble  ammo- 
oiacal  and  other  salts,  and  even  were  the  whole  evaporated  to  dryness, 
the  gypsum  does  not  act  so  rapidly  in  fixing  the  ammonia  as  to  prevent 
a  considerable  escape  of  this  compound  as  the  fermentation  of  the  urine 
proceeds. 

3^.  SvlfhaUd  «rta€.-— A.  method  of  more  apparent  promise  is  that 
now  practised  by  the  Messrs.  Turnbull,  of  Qlaisgow,  of  adding  diluted 
sulphuric  acid  to  the  urine  as  the  ammonia  is  formed  in  it,  and  subse- 
quently evaporating  the  whole  to  dryness.  From  the  use  of  this  sub- 
stance very  favourable  results  may  be  anticipated.*  Still  none  of  these 
preparations  will  ever  equal  the  urine  itself,  part  of  the  efficacy  of  which 
depends  upon  the  perfect  state  of  solution  io  which  all  the  substanoea 
it  contains  exist,  and  upon  the  readiness  with  which  in  this  state  th^ 
make  their  way  into  the  roots  of  plants. 

4^.  Lms9  of  oowb''  tfr»t€.-*When  led  to  ferment  for  five  or  six  weelw 

■lenti  were  maile,  yielded  e  qaantUf  of  urine  which  In  a  year  would  hare  amoanted  Io,  aod 
would  hare  eonlaliwd,  tH  Muwb^ 

Contalniiw  of  OapaUe  of  jMA- 

^oandtr.      Solid  imtter  (loialX  uonanlc  matter.  NiCmgw.  iacofamneiila. 

Cow  8670  773  309  29  8S 

Bono        1160  M9  89  80  as 

The  cow  yielded  at  the  aame  time  19  Ibe.  of  milk  each  dar,  which  accounia  for  tb« 

amaller  proportion  of  urioe  voided,  than  It  flven  in  the  text    It  la  remaxtable,  however, 

that  the  qnaotity  of  Bltrogen  contained  In  an  oqoal  weifht  of  the  oiloe  of  the  horao  waa  In 

thia  caae  ao  much  greater  than  In  that  of  the  cow— and  thai  Ute  whole  amount  which  would 

have  been  yielded  hy  that  of  the  cow  in  a  year  should  be  to  very  much  leas  than  Ui  the  re. 

suit  obtained  by  SprengeL  The  miik  did  not  conrain  nitrogen  sofflciont  to  yield  more  than  45 

lbs.  of  ammonia,  and  this,  ad<led  Io  the  36  Iba.  makes  only  80  Ibsi  in  all— whereas  aarensel 

gives  390  lbs.  as  the  qoanti^r  which  recent  urine  is  capable  of  yielding.    This  lemark^e 

dlflbrence  must  be  ascribed  either  to  an  actual  loss  of  voUtlle  matter^  the  urioe  snalyaed 

&.?t"^'*'"'*'  oi— which  Is  more  probable-to  a  difference  In  the  quality  of  the  food  oa 

whicb  the  two  animals  were  fed.  ^       ' 

m^Si}SS2'»  J!SS2!lJr^hT  " V*^*'  with  this  Mulphated urhm,  nnder  the  Incort^t 
IhJ?rn/M?m?15f  ^?Jre^  K*  •«perimeors  of  Mr.  Bnraet  were  mSe  to.  »B),  aa  well  ue 
those  of  Mr.  Fleming  and  Mr.  Alexander,  detailed  In  tne  Appendixf^^^^*^^^'^ 


LOSS  or  uquiD  kanu&b  in  thx  faui-tam).  405 

.  alone,  and  with  the  addition  of  an  equal  bulk  of  water,  the  urine  of  thto 
oow  loses,  as  we  have  seen,  a  considerable  proportion  of  volatile  msAter, 
and  in  these  several  states  will  yield  in  a  year— 

flolid  matter.       TieMlncorammonii. 

Recent  urine 900  lbs.  dSeibs. 

Mixed  with  water,  after  6  weeks         .       8d0  "  900  " 

Unmixed,  after  6  weeks      .       .        .        &50  '<  30  '< 

Those  who  scrupnbusly  collect  in  tanks  and  preserve  the  liquid  ma- 
nure of  their  stables,  cow-houses,  and  fold-yards,  will  see,  from  the  great 
lo9#  which  it  undergoes  by  natural  fermentation,  the  propriety  of  occa- 
sionally washinc  out  their  cow-houses  with  water,  and,  by  thus  diluting 
the  liquid  of  their  tanks,  of  preserving  the  immediately  operating  con- 
stituents of  their  liquid  manure  fn>m  escaping  into  the  air. ,  Even  when 
thus  diluted  it  is  aesirable  to  convey  it  on  to  the  land  without  much 
loss  of  time,  since  even  in  this  state  there  is  a  constant  slow  escape,  by 
which  its  value  is  daily  diminished.  Gypsum,  sulphate  of  iron,  and 
salphvric  acid,  are,  by  some,  added  for  the  purpose  of  fixing  the  ammo- 
nia, but  in  addition  to  diluting  it,  an  admixture  of  rich  vegetable  soil, 
and  especially  of  peat,  will  be  much  more  economical,  and— except  in 
80  far  as  the  gypsum  or  sulphuric  acid  themselves  act  as  manures-^ 
nearly  as  effectual. 

But  these  remarks  apply  only  to  the  liquid  manure  when  collected. 
How  much  hirgor  a  waste  is  incurred  by  those  who  make  no  eflS>rt  to 
collect  the  urine  of  their  cow-houses  or  stables!  The  recent  urine  of 
one  oow  is  valued  in  Flanders— where  liquid  manures  are  highly  es- 
teemed-^4it  40s.  a  year.  It  contains  on  an  average,  as  we  have  seen, 
900  lbs.  of  solid  matter,  and  this  estimated  at  the  price  of  guano  only, 
b  worth  at  present  XA.  sterling.  Multiply  this  by  8  millions,  the  num- 
ber of  cattle  said  to  exist  in  the  United  Kingdom,  and  we  have  32  mil- 
lions of  pounds  sterling,  as  the  value  of  the  urine,  supponng  it  to  be 
worth  DO  more,  than  the  foreigaguano.  It  is  impossible  to  estimate  how 
much  of  this  runs  to  waste,  but  one-tenth  of  it  will  amount  to  nearly  as 
much  as  the  whole  income-tax  recently  laid  upon  the  country.  The 
practical  farmer  who  uses  every  efibrt  to  collect  and  preserve  the  ma- 
nure which  nature  puts  within  his  reach,  is  deserving  of  praise  when  he 
expends  ms  money  m  the  purchase  of  manures  brought  fh>m  a  distance, 
of  whatever  kind  they  may  be ;  but  he,  on  the  other  hand,  is  only  open  to 
censure  Who  puts  forward  the  purchase  of  foreign  manures  as  an  excuse 
fbr  the  neglect  of  those  which  are  running  toVaste  around  him.  Let  every 
•lock  farmer,  with  the  help  of  the  facts  abdve  stuted,  make  a  fair  calcula- 
tion of  what  is  lost  to  himself  and  to  the  country  by  the  hitherto  unheeded 
waste  of  the  urine  of  his  cattle,  and  he  wiH  be  able  clearly  to  appreciate 
the  importance  of  taking  some  steps  for  preserving  it  in  future, 

§  12.  Of  Molid  animal  manures — nigkt  soil,  the  dung  of  the  cow,  ihe 
horse,  the  sheep,  and  the  pig. 

1^.'  NigM  mril  is  in  general  an  exceedingly  rich  and  Valuable  manure, 
but  its  disagreeable  odour  has  in  most  countries  rendered  its  use  unpopu- 
lar among  practical  men.  This  unpleasant  smell  may  be  in  a  great 
measure  removed  by  mixing  it  with  powdered  charcoal  or  with  faalf- 
obarred  peat,— a  method  which  is  adopted  in  the  manufactiuw  of  cer- 
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taiD  artificial  manure's.  Quick-lime  is  in  some  places  employed  for  the 
RafQe  purpose,  but  though  the  smell  is  thus  got  rid  of,  a  large  portion  of 
the  ▼olatiie  ammonia  produced  during  the  decomposition  of  the  manure 
ia  at  the  same  time  driven  off  by  the  lime. 

In  general,  night  soil  contains  about  three-founhs  of  its  weight  of 
water,  and  when  exposed  to  the  air  undergoes  a  very  rapid  decomposi- 
tion, gives  otr  much  volatile  matter— consisting  of'ammonia,  of  car- 
bonic acid,  and  of  sulphuretted  and  phosphnrett^  hydrogen  gases — and 
finally  loses  its  smell.  In' the  neighbourhood  of  many  large  citie8|  the 
collected  night  soil  is  allowed  thus  naturally  to  ferment  and  lose  its  smell, 
and  is  then  dried  and  sold  for  manure,  under  the  name  of  poudreile. 

But  by  this  fermentation  a  very  large  profxirtion  of  valuable  matter 
is  permitted  to  escape  into  the  air.  To  retain  this,  gypsum  or  dilute 
sulphuric  actd  may  be  added  to  the  night  soil,  but  the  more  economical 
and  generally  practicable  method  is  to  mix  it  with  earth  rich  in  vege- 
table matter,  with  partially  dried  peat,  with  saw-dust,  or  wiih  some 
other  readily  accessible  absorbent  substance.  In  this  way  a  rich  and 
.fertilizing  compost  will  be  obtained,  which  will  have  little  smell,  and 
yet  will  retain  most  of  the  virtues  of  the  original  manure. 

tn  China,  the  fresh  nifht  soil  is  mixed  up  with  clay  and  formed  into 
cakes,  which  when  dried  are  sold  under  the  name  of  Taffo,  and  form 
an  extensive  article  of  commerce  in  the  neighbourhood  of  the  larger  cities. 
The  composition  of  night  soil,  and  consequently  its  value  as  a  ipa- 
nnre,  varies  with  the  food,  and  with  many  other  circumstances  (p.  470). 
The  excrements  of  a  healthy  man  were  found  by  Berzelins  to  consist  of— « 

Water 733 

Albumen   •,..•••/  9 

Bile 9 

Mucilage,  fat,  and  other  animal  matters      .        •        167 
Saline  matter    ..••.;•  12 

Undecomposed  food 70 

1000 
Of  the  excrement  when  freed  from  water  1000  parts  left  132  of  aaht 
consisting  of— 

Carbonate  of  Soda *   .    ^ 

Sulphate  of  Soda,  with  a  little  Sulphate  of  Potash,  and 

Phosphate  of  Soda -  8 

Phosphate  of  Lime  and  Magnesia,  and  a  trace  of  Gypsum     100 
Silica 16 

132 

2^.  Cow  dung  forms  by  far  the  largest  proportion  of  the  animal  ma- 
nnre  which  in  modem  agriculture  is  at  the  disposal  of  the  practical 
farmer.  It  ferments  more  slowly  than  night-soil,  or  than  the  dung  of 
the  horse  and  the  sheep.  In  fermenting  it  does  not  heat  much,  and  it 
gives  off  little  of  an  unpleasant  or  ammoniacal  odour.  Hence  it  acts 
mora  slowly,  though  for  a  longer  period,  when  applied  to  the  soil. 

The  slowness  of  the  fermentation  arises  chiefly  from  the  smaller 
quantity  of  nitrogen,  or  of  substances  containing  nitrogen,  which  are 
present  in  cow  dung,  but  in  part  also  from  the  food  swallowed  by  the 
cow  being  less  perfectly  masticated  than  that  of  man  or  of  the  horse.    It 


uigmzeu  uy  ■« 
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is  a  consequence  of  this  slower  fermentation,  that  the  same  evolution  of 
ammoniacal  vapours  is  not  perceived  from  the  droppings  of  the  coW  'as 
from  night  soil  and  from  horse  dung.  Yet  by  ex|>osure  to  llie  air,  it  un- 
dergoes a  sensible  loss,  which  in  40  days  has  been  found  to  amount  to  5 
per  cent,  or  nearly  one-fidb  of  the  whole  solid  matter  which  recent  cow- 
dung  cx>ntains.*  (Gazzeri.)  Although,  therefore,  the  comparatively 
slow  fermentation  as  well  as  the  softness  of  cow  dung  fits  it  better  for 
^  treading  among  the  straw  in  the  open  farm-yard,  yet  the  serious  lo^ 
which  it  ultimately  undergoes  will  satisfy  the  economical  farmer  that 
the  more  effectually  he  can  keep  it  covered  up,  or  the  sooner  he  can 
gather  fais  mixed  dung  and  straw  into  heaps,  the  greater  proportion  of  this 
valuable  manure  will  he  retain  for  the  future  enriching  of  his  fields. 

3°.  Horse  dung  b  of  a  warmer  nature  than  that  of  the  cow.  It  heats 
sooner,  and  evolves  much  ammonia,  not  merely  because  it  contains  less 
water  than  cow  dung,  but  because  it  is  generally  also  richer,  in  those 
organic  compounds  of  which  nitrogen  forms  a  constituent  part.  Even 
when  fed  upon  the  same  food  the  dung  of  the  horse  will  be  richer  than 
that  of  the  cow,  because  of  the  greater  proportion  of  the  food  of  the  lat- 
ter which  is  discharged  in  the  large  quantity  of  urine  i^is  in  the  habit  of 
voiding  (p.  470). 

In  the  short  period  of  24  hours,  horse  dung  heats  and  begins  to  sufller 
loss  by  fermentation.  If  lefl  in  a  heap  for  two  or  three  weeks  scarcely 
seven-tenths  of  its  original  weight  will  remain.  Hence  the  propriety 
of  early  removing  it  from  the  stable,  and  of  mixing  it  as  soon  as  possible 
with  some  other  material  by  which  the  volatile  substances  given  off  may 
be  absorbed  and  arrested.  The  colder  and  wetter  cow  or  pig*8  dung 
will  answer  well  for  this  purpose,  or  soil  rich  in  vegetable  matter,  or  peat« 
or  sawdust,  or  powdered  charcoal,  or  any  other  absorbent  substance  which 
can  readily  be  obtained— or  it  a  chemical  agent  be  preferred,  moistened 
gypsum  maybe  sprinkled  among  it,  or  diluted  sulphuric  acid.  There 
Is  undoubtedly  great  loss  experienced  from  the  general  nedect  of  night 
soil,  bat  in  most  cases  the  dung  of  the  horse  might  also  be  rendered  a 
sanrce  of  much  greater  profit  than  it  has  hitherto  been. 

The  warmth  of  horse  dune  fits  it  admirably  for  bringing  other  sub- 
stances into  fermentation.  With  peat  or  sawdust  it  will  form  a  rich 
compost,  and  lo^  soils  which  contain  much  inert  vegetable  matter  it  can 
be  applied  with  great  advantage.  Horse  and  cow  dung,  in  the  dry  state, 
have  been  subjected  to  ultimate  analysis  by  Boussingault*,  with  the  fol- 
lowing results : — 

I>anf  of  the  Hone,    thing  of  a  Milk  Oow. 

Carbon 387  438 

Hydrogen 51  5-3 

Oxygen 377  377 

Nitrogen 3'3  S-3 

Ashes 163  13  0 

100  100 

Waterf 300  566 

400  666 

*  Ci>w  Htinff  eon«ifltinf  nf  7=i  of  water  and  26  of  drr  nolid  matter,  of  which  laUer  5  diwppeer . 

1  Amnaka  de  CMm.  tt  dc  PAyt  i  Ixv.,  pp.  122  and  134. 

I  Receat  hone  duaf  loxios  75  per  ceot  of  water  by  drying,  of  cow  dung  75  per  eeal^ 
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The  proportioD  of  nitrogeD  coDiained  in  the  two  manores,  according 
to  these  resulu,  is  so  nearly  alike— bein|r  in  reiTlity  greater  in  tlie  cow 
dung--Hhat  were  we  to  consider  the  above  numbers  to  represent  the  ave- 
rage consiilntton  of  the  droppings  of  the  horse  and  cow,  we  should  be 
compelled  to  ascribe  the  ditference  in  their  qualities  solely  to  the  difiereot 
•Catee  in  which  the  elements  exist  in  the  two,  and  to  the  proportions  of 
water  they  respectively  contain.  But  the  nature  of  the  food  and  other 
circumstances  aOect  the  quality  of  these  manures  so  much  (p.  470),  that 
we  cannot  as  yet  draw  any  general  conclusion  from  the  results  obtained 
in  one  special  case. 

4^.  Pi^^$  dung  is  still  colder  and  less  fermentable  than  that  of  the 
eow.  It  IS  characterized  by  an  exceedingly  unpleasant  odour,  which 
wlien  applied  to  the  land  alone  it  imparts  to  the  crops,  and  especially  to 
the  root  crops  which  are  manured  with  it.  Even  tobacco,  when  ma- 
nured with  ptg*s  dung,  is  said  to  be  so  much  tainted  that  the  leaves  sub- 
sequently collected  are  unfit  for  smoking.*  It  is  a  good  manure  (or  hemp 
and  other  cmps  not  intended  for  food,  but  is  best  employed  in  a  state 
of  mixture  with  the  other  manures  of  the  farm-yard. 

6^.  Sheep's  4tnng  is  a  rich  dry  manure,  which  ferments  more  readily 
than  that  of  the  cow,  but  less  so  than  that  of  the  horse.  A  specimen 
ezEDiined  by  Zierl  consisted  of— 

Water 680  percent. 

Animal  and  vegetable  matter       ...     19-3         ** 
Saline  matter,  or  ash 12-7        ** 

100 

The  food  of  the  sheep  is  more  finely  masticated  than  that  of  the  cow, 
and  its  dung  contains  a  little  le^s  water,  and  is  probably  richer  in  nitro- 
gen ;  hence  its  more  rapid  fermentation.  When  crops  are  eaten  oflf  by 
sheep,  their  manure  is  more  evenly  spread  over  the  field,  and  is,  at  the 
same  time,  trodden  in.  When  thus  spread  it  decomposes  more  slowly 
than  when  it  is  collected  into  heaps,  nnd  the  ammonia  and  other  useful 
products  of  the  decomposition  are  absorbed  in  great  part  by  the  soil  as 
they  are  produced.  Those  soils  in  which  a  considerable  quantity  of 
vegetable  matter  is  already  present,  are  said  to  be  most  benefitted  by 
sheep's  dung,  because  of  the  readiness  with  which  they  absorb  the  vola- 
tile matters  it  so  soon  begins  to  give  off. 

Sheep's  dung  is  said  to  lengthen  the  straw  of  the  corn  crops,  and  to  pro- 
duce a  grain  rich  in  gluten-^and  unfit  therefore  forseed,  for  the  manufac- 
ture of  starch,  or  fitriihe  purposes  of  the  brewer  and  the  distiller  (Spren- 
gel).  It  may  be  doubted,  however,  whether  these  can  as  yet  be  safely 
considered  as  the  universal  efiects  of  sheep's  dung  upon  every  soil,  and 
when  the  animals  are  fed  upon  every  kind  of  food. 

§  13.  Of  Oit  quantity  of  manure  produced  from  the  same  kinds  of 
food  by  the  horse,  the  eow,  and  the  sheep. 

The  carefully  conducted  experiments  of  Block  give  the  following  aa 
the  total  quantities  of  manure,  solid  and  liquid,  produced  from  100  lbs.  of 
the  dilTerent  kinds  of  food  by  the  cow,  the  horse,  and  the  sheep. 

•*,»,.^£rtr.,mXM,W^,p.»  prized  .vGoOgle 
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Quantity  of  manare  f n  lbs.,  pftMlueed  by 

^.       ,^.,w_    i.                      ' ' *  Water  In 

Piroin  lOU  Ite.  or                        riis  cow.  tbb  borob.  tbb  sbbsf.  th«  manura. 

fiTMh.  dried,  frrah.  dried,  freah.  dried,  per  cenL 

Rw   •        .        .        .        .          —    —  219    63  —    -.  "^  75 

Oau —    —  204    51  —    —  75 

Rye  and  other  straws  (chopped)  268    43  168    42  117    40  66  to  84 

Hay 275    44  172    43  123    42  do.   do. 

Potatoes  (contaioing  73  per  ct 

ofwaicr)        ...         87|  14  —    —  3d    13  do.    do. 
Turnips  (contAining  75'per  oent 

of  water)         .        .'      .         37|    6  —    —  —    —  ^ 

Carrots  (87  per  cent  of  water)    37|    6  —    —  —    —  84 

Green  clover  (79  per  ct  water)    65}    9}  -^    —  —    —  S6 

AAerSdaya.  Afler3weeka.  After  8  weeks. 

Rye  Straw  (nsed  for  bedding)   238    96  269    97  206    95  54to64 

One  important  theoretical  result  is  presented  by  this  table^-ZAa/  th4 
manure  voided  by  an  animal  contains  very  much  les$  solid  matter  than  th$ 
food  it  has  consumed*  We  shall  presently  see  how  ibis  fact  is  to  be  ex- 
plained (p.  472),  and,  at  the  same  lime,  what  tight  it  throws  upon  the 
quality  ivC  the  manure  produced. 

The  most  valuable  practical  results  from  the  above  experiments  are— 

1^.  That  for  100  lbs.  of  dry  fodder  the  liorse  or  the  cow  will  give  on 
an  average  216  lbs.  of  fresh  or  46  lbs.  of  dry  manure— the  sheep  128 
lbs.  moist  or  43  lbs.  dry. 

2^.  That  root  crops,  on  an  average,  give  about  half  their  weight  of 
fr^  or  one-twelfth  of  dry  manure — the  polatoe  giving  more  and  the 
turnip  less. 

3^.  That  green  crops  give  about  half  their  weight  of  fresh  or  ooe- 
eighthof  dry  manure. 

§  14.  Of  the  relative  fertilizing  values  of  different  animal  excretions, 

1^.  The  theoretical  value  of  different  animal  excretions  calculated 
soldy  from  the  quantity  of  nitrogen  which  the  specimens  examined  wera 
Ibuod  respectively  to  contain,  is  thus  given  by  Pay  en  and  Boussingault. 
The  numbers  opposite  to  each  substance  indicate  the  weights  of  that 
substance  which  ought  to  produce  an  equal  effect  with  100  1^.  of  farm- 
yard manure  in  the  recent  and  in  the  dry  states  :— 


Farm-yaid  dung    . 

Cow       ..... 

Do.  urine       .... 

Horse 

Mixed  ezciQiiienta  of  the— Pig 

Hone 

Sheep 

Pigeon . 

Poudrette 

Another  variety 

Too  much  reliance  is  not  in  any  case  to  be  placed  upon  the  principle 
of  classifying  manures  solely  by  the  ])roporiion  of  nitrogen  the^  contain 
(pp.  441 '&  454)— much  less  can  we  depend  upon  the  order  of  value  it 
asaigos  to  substances  the  compositbn  of  which  is  f  j^llf  j^q^jqpnant  change 


In  liie  dry  alala. 
100  lbs. 

ibenrodlieedby 

artifleianT  dried 

100  lbs. 

125    " 

84" 

91    " 

61  " 

73    " 

88  " 

63   •« 

66  " 

54   ** 

64" 

36   " 

65  " 

5   " 

33  " 

10*" 

44" 

ty     26   " 

73" 
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from  the  escape  of  those  volatile  compounds  in  which  the  nitrogen  prin- 
cipally exists. 

2^.  A  series  of  experiments  made  by  Hermbstadt  upon  the  quantity 
of  grain  of  dtflTerent  kinds,  raised  in  the  same  circuinstances  by  eqou 
weights  of  difierent  manures,  gave  the  following  results  :•» 

Number  of  tewls  reaped  from 


Ox  blood 
Kighl  Mil  . 
Sheqj'sdupg 
Human  urine 
Horse  dung 
I'igeon  dung 
Cow  dui^  . 
Vegetable  matter 
Unmanuied  . 


WhML 

14 

Baifey. 
16 

ISi 

•i? 

.» 

13 

ui 

13i 

IS 

16 

14 

13 

— 

131 

13 

13 

10 

13 

14 

11 

.^ 

10 

IS 

9 

7 

11 

16 

9 

3 

7 

13 

6 

— 

4 

5 

4 

If  the  results  contained  in  this  table  were  to  be  depended  upon,  it 
would  appear  that,  in  so  far  as  the  quantUy  of  the  produce  is  concerned* 
these  manures  severally  exercise  a  special  action  upon  certain  crop»— 
that  night-soil,  for  example,  is  most  propitious  to  rye,  cow  dung  to  oats, 
aiKl  sheep's  duqg  to  bariey  and  wheat.  And  the  latter  fact  would  seem 
at  onoa.fo  justify  and  to  recommend  the  eating  oflT  with  sheep  prepara- 
tory toeiiher  of  the  latter  crops. 

Kooe  of  these  kinds  of  manure,  however,  is  constant  in  oompoaition, 
and  the  following  observations  will  satisfy  you  that  implicit  zeUanoe 
ought  not  to  be  placed  either  upon  the  relative  practical  values  of  the 
ditterent  animal  manures^  they  appear  in  the  latter  table,  nor  on  their 
theoretical  values  as  ^exhibited  in  the  former. 

§  15.  Influence  of  circunutanees  cm  the  quality  of  animal  manures. 

The  quality  of  the  droppings  of  animals  considered  as  manoresis  af- 
fected ^  a  mat  variety  of  circumstances*-«uch  as 

1°.  By  Ae  kind  of  food  upon  which  Ae  animal  is  fed^^-ThuB  night 
soil  is  more  valuable  m  those  countries  and  districts  in  which  moch 
flesh  meat  is  consumed,  than  where  vegetable  food  forms  the  principri 
diet  of  the  people.  It  is  even  said  by  Sprsngel,  that  in  the  neighbour- 
hood of  Hildesheim  the  farmers  give  a  higher  price  for  the  bouse  ma- 
nure of  the  Lutheran  than  for  that  of  the  IU>man  Catholic  families,  be- 
cause of  the  numerous  fasts  which  the  latter  are  required  to  observe.^ 
Every  keeper  of  stock  also  knows  that  the  manure  in  his  form-yard  ts 
richer  when  he  is  feeding  his  cattle  upon  oil-cake,  than  when  he  gives 
them  only  the  ordinary  produce  of  his  farm.f 

2^.  By  the  quanHty  oj  urine  voided  by  the  antmal.-^Upoa  the  unlike 
quantities  of  urine  they  nmduce  appears  mainly  to  depend  the  unlike 
richness  of  the  dung  of  the  horse  and  of  the  cow.  The  latter  animal, 
when  full  gaswn  and  not  in  milk,  voids  nearly  13  times  as  much  urine 
as  the  former  (p.  460),  and  though  an  equal  bulk  of  this  urine  is  poorer 
in  solid  matter,  yet  the  whole  quantity  contains  several  times  as  much 

*  Lfhn  vam  DUnger,  p,  142. 
.»J*2iS!il?lIl3ii"5^'£ll'!!jAC^^'!!)"*  fcttemiif)  chlellr  opoo  oll-eake  wu  foQod  to 
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as  is  present  io  that  of  the  hone.  But  if  the  cow  discharges  more  ia 
its  unne  it  must  void  less  io  its  solid  ^creiions.  Hence,  suppoeii^  the 
fixxl  of  a  full-growo  horse  and  of  a  cow  to  be  very  nearly  the  same,  the 
dung  of  the  former^the  less  urine-giving  animal— >niust  be  the  richer, 
the  warmer,  and  the  more  valuable— as  it  is  really  known  to  be. 

3°.  By  the  amount  of  exercise  or  labour  to  which  the  anvrud  ia  tub' 
jetted, — ^The  greater  the  fatigue  to  which  an  animal  is  subjected  the 
richer  the  urine  is  found  to  be  in  those  compounds  (area  chiefly)  which 
yield  ammonia  by  their  decomposition  (Proot).  The  food  of  two  ani* 
mals,  therefore,  being  the  same— other  things  also  being  equal— -the 
solid  excretions  will  be  richer  and  more  fertilizing  in  that  which  is  kept 
in  the  stall  or  ibld-vard,  the  urine  in  that  which  is  worked  in  the  open 
air  or  pastured  in  the  field. 

A^,  By  the  $tate  of  growth  to  iohich  the  animal  has  iimvecf.— A  full- 
grown  animal  has  only  to  keep  up  its  weight  and  condition  by  the  food 
it  eau.  Every  thing  which  is  not  necessary  for  this  purpose,  there* 
fore,  it  rejects  either  in  its  solid  or  in  iu  liquid  excretions.  A  young 
animal,  on  the  other  hand,  adds  to  and  increases  its  bone  and  musele  at 
the  expense  of  its  fixxl.  It  rejects,  therefore,  a  smaller  proportion  of 
what  it  eats.  Hence  the  manure  in  fold-yards,  whefs^omgcattle  are 
kept,  is  always  less  rich  than  where  full-grown  aohns^m^^ , 

5**.  By  the  purpose  for  which  the  animal  m  fed.^ — Isatvtobe^^dtproTed 
in  condition  ?  Then  the  food  must  supply  it  with  th&  m^ti^lfk^br  in- 
creasing the  size  and  strength  of  its  muscles— with  aiD^iben,  or  wrin, 
or  other  substances  containing  nitrogen.  In  such  sujb^sces,  thjn'efore, 
or  in  nitrogen  derived  from  them,  the  droppii^  must  }!fd^pooTer,  ^d  as 
a  manure,  less  valuable.  *vV>.  t>^-<<' 

Is  the  animal  to  be  fattened  ?  Then  its  foocKm^  f^I^lVWty  mat- 
ters, or  their  elements,  of  which  nitrogen  forms  nbr-fiafc  Vm  the  nitro- 
gen of  the  food,  therefore,  will  pass  on  in  the  excretions,  and  hence  the 
ridbest  manure  yielded  at  an^  time  by  the  same  species  of  animal  is 
that  which  is  obtained  when  it  is  full-grown,  and,  being  largely  fed,  is 
rapidly  fattening. 

18  the  cow  kept  for  its  milk  ?  Then  the  milk  it  yields  is  a  daily  drain 
apoQ  the  food  it  eats.  Whatever  passes  into  the  udder  is  lost  fo  the 
dung,  and  hence,  offier  things  being  equal,  the  dung  of  a  milk  cow  will 
be  less  valuable  to  the  farmer  than  that  of  a  full-grown  animal  from 
which  no  milk  is  expected,  or  than  that  of  the  same  animal  when  it  is 
only  laying  on  fat. 

6^.  by  the  length  of  time  during  which  the  manure  has  been  kepU-^ 
lt\  24  hours,  as  we  have  seen,  the  dung  of  the  horse  begins  to  ferment 
and  to  lessen  in  weight.  All  rich  manures  in  like  manner— the  duns 
of  all  animals  especially — decompose  more  or  less  rapidly  and  part  with 
their  volatile  constituents.  The  value  we  assign  to  them  to-day,  there* 
fore,  will  not  apply  to  them  to-morrow,  and  hence  the  droppings  of  the 
same  animal  at  the  same  age,  and  fed  in  the  same  way,  will  be  more  or 
less  valuable  to  the  farmer  according  to  the  length  of  dme  during  which 
they  have  been  permitted  to  ferment. 

7^.  Lastly,  By  the  vHiy  in  which  the  manure  has  been  pre$ervul,'-^Th» 
mixed  dung  of  the  farm-yard  must  necessarily  be  less  valuable  where 
the  liquid  manure  is  allowed  lo  run  off— or  where  it  ia  peemitted  to 
40 
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•Und  in  pools  and  ferment.  Twenty  cart-Ioada  of  such  dang  may 
bsstea  the  growth  of  the  turnip  crop  in  a  less  degree  than  half  the 
weight  will  do,  where  the  liquid  manure  has  heen  carefully  collected 
and  returned  upon  the  heaps^to  hasten  and  complete  their  fermenta- 
tion, and  to  saturate  them  with  enriching  matter. 

Since,  then,  the  quality  orrichnese  of  the  dung  of  the  same  animal  is 
liable  to  be  afiected  by  so  many  drcnmstancee— it  is  obvious  that  no  ac- 
curate general  conclusioos  can  be  drawn  in  regard  to  its  precise  fentli- 
ciDg  virtue  when  applied  to  this  or  lo  that  crop,  or  to  its  relatiTe  fertilizing 
"Vidue  when  compared  with  equal  weights  of  the  dung  of  other  animals. 
The  results  obtained  in  one  set  of  analyses,  as  in  that  of  Boussingault, 
or  in  one  series  of  practical  experiments,  as  in  that  of  Hermbsi&dt  (p. 
470),  will  not  agree  with  those  obtained  in  any  other— because  the  sub- 
stances themselves  with  which  our  different  experiments  are  made, 
though  called  by  the  same  name,  are  yet  very  unlike  in  their  chemical 
properties  and  composition. 

^I6.0fihe  changei  tokkh  ike  food  umdergoa  in  pdssing  through 
ihe  bodie$  of  omimaU* 

It  is  the  result  of  long  experience  that  vegetable  matter  is  more  sen- 
sibly active  as  a  manure,  after  it  has  passed  throueh  iha  body  of  an  ani- 
mal, than  if  applied  to  the  land  in  its  unmasiicated  and  undigested  state. 
In  becoming  animalizedn  therefore— as  it  has  been  called — vegetable 
anhstances  have  been  supposed  to  undergo  some  mysterious,  because 
not  very  obvious  or  intelligible,  internal  change,  by  which  this  new  vir- 
tue is  imparted  to  them.  Yet  the  change  is  veiy  simple,  and  when  ex- 
plained is  not  more  satisfactory  than  it  is  beautiful. 

You  will  recollect,  as  I  have  already  stated  to  you  (p.  469),  that  (he 
weight  of  drvmanwe  voided  hy  an  animal  is  always  eonndtraUy  le$$ 
fkan  Uiat  of  Uie  dry  food  eaten  by  it.  Upon  the  nature  and  amount  of 
this  loss  which  the  food  undergoes  depends  the  quality  of  the  manure 
obtained. 

Thisvou  will  readily  comprehend  from  the  following  statement : 

1^.  £very  thing  which  enters  into  the  body  in  the  form  of  food  must 
escape  from  the  body  in  one  or  other  of  three  different  forms.  It  must 
be  breathed  out  from  the  lunss,  perspired  by  the  skin,  or  rejected  in  the 
solid  or  liquid  excretions.  We  have  abeady  seen  (Lee.  VIII.,  |  3), 
that  the  function  of  the  lungs  is  to  ghre  off'  carbon  in  the  form  of  car- 
bonic acid,  while  they  drink  hi  oxycen  from  the  air — and  that  the  quan- 
Iky  of  carbon  thus  given  off  by  a  heahhy  man  varies  frpro  6  to  13  or 
move  ounces  in  the  24  hours.  From  the  skin  also  carbon  escapes  afong 
urith  a  small  and  variable  proportion  of  saline  matter.  The  weight  of 
carbon  gi%«en  off*  by  the  skin  has  not  been  accurately  ascerloined.  *  Let 
us  leave  it  out  of  view  for  a  moment,  and  consider  feolely  fiie  effect  of 
Mspiratian  upon  the  nature  of  the  solid  and  liquid  excretions. 

Suppose  a  healthy  man,  taking  a  moderate  degree  of  exercise*  to  give 
off  from  His  langs  6  ounces  of  carbon  in  24  hours,  and  to  eat  duriag  the 
same  time  2  lbs.  of  potatoes,  half  a  pound  of  beef,  and  half  a  pound  of 
bread.    ¥beo  he  faas  taken  in  his  food-* 
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f  D  the  potatoes 

In  the  oread ^.  

In  the  beef 790  «         120  '<  35 


1004 «       34"        aa^ 


3510  gn.      fiOlgrs.      953^. 


And  he  has  eiTen  offin  leapiiatioii 
Leaving  to  be  rejected  sooner  or 

later  in  the  excretions  885    *'         901  *'         fiS3  "  ^ 

In  this  supposed  case,  therefore  the  carbon,  nitrogen,  and  saline  mat* 
ter  were  to  each  other  nearly  as  the  numbers 
CarboQ.       NUrof  eo.  Saline  matter. 
35  S  Si  inthelbod, 

and  as    9  2  S|  in  the  excretions; 

Or,  in  other  words,  the  carbon  being  in  great  part  sifled  out  of  the 
food  by  the  lungs,  the  excretions  are  necessarily  much  richer  in  nitrqgen 
and  in  saline  matter,  weight  for  weight,  than  the  mixed  vegetable  and 
animal  matters  on  which  the  man  has  lived. 

But  the  immediate  and  most  sensible  action  of  animal  and  vegetable 
substances,  as  manures,  depends  upon  the  proportion  of  nitrogen  and  sa- 
line matters  they  contain.  This  proportion,  then,  being  ereater  in  the  ex- 
cretions than  in  the  crude  vegetables,  the  cause  of  the  higher  estimatloQ 
in  which  the  former  are  held  by  the  practical  farmer  is  sufficiently  clear. 

2^.  In  the  above  case  I  have  supposed  the  allowance  of  food  to  be 
•uch  only  as  a  person  of  sedentarv  habits  would  consume,  end  the 
quantity  of  carbon  given  off  from  the  lungs  to  be  such  as  his  habits 
would  occasion.  But  if  the  weight  of  carbon  given  ofT  from  the  lungs 
and  skin  together  amount,  as  it  often  does,  to  15  ounces,*  the  quantity 
of  fuod  must  be  greatly  increased  beyond  the  quantity  I  have  ^t^ted,  If 
the  health  and  strength  are  to  be  sustained.  By  such  an  increase  of 
fbod-— the  carbon  being  removed  by  respiration— the  proportion  of  ni- 
trogen and  of  saline  matters  in  the  excretions  may  be  sail  further  in- 
creased, or  as  manures  they  may  become  still  richer  and  more  immcdi- 
'  ately  fertilizing. 

3*°.  Let  me  present  to  you  the  results  of  an  actual  experiment  made 
Vy  Boussingault  upon  a  horse  fed  with  hay  and  oats— and  of  which  both 
che  food  and  the  excretions  were  carefully  analysed. 

In  24  hours  the  horse  consumed— 

Carbon.  Nitrogen.        BaUne  natter. 

Hay,  16|  lbs.,t  contaming  46,500  grs.        1,500  gra.        8,960  gr». 

Oati;51bs.       .        .        .        .        15,000  "  660^**  1,180   « 

Total  in  the  food       .        .        .       60,600  "         3,150  "         10,140" 
And  gavedff  from  the  lungs  4c  skin  37,960  '< 

Leaving  to  be  rejected  in  the  ex- 
cretions .....       22,540  «         2,150  «        10,140   " 

While  there  was  actually  found 
in  the  mixed  dung .        .  22,540"         1,770"        10,540** 

*  Liebig  eeUmatofl  (he  qoantitj  of  carbon  wtOela  eacapee  from  the  Ivoge  and  fkUi  of  a 
b«^tlli7  man,  taking  moderate  exercise,  at  13-93  ounces  (Hessian),  or  153i  ounces  avoirda- 
|M»l«.  tn  9A  hours.  .       .     .   ^. .  ^   «i       t    >       i«« 

t  Eaeh  ooaialnlof  about  14  per  cent  of  water.— ilmiafw  «U  Chtm.  et  de  Phyt.,  izxl^p.  13B . 
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la  this  case,  tben,  the  carbon,  nilrogeD,  and  MiUne  matter  were  < 
tained  io  the  proportion  of— 

CailMMi.  Nitrogen.  CUina  matter. 

28  1  5    in  the  food, 

and  of  10^  1  5    in  the  dune ; 

The  analysis  of  the  dnng  itself  proving  that  in  passing  through  the  body 
of  an  animal,  the  food— 

a  diminishes  very  considerably  in  weight ; 

h  losing  a  large  but  variable  proportion  of  its  carbon, 

e  but  parting  with  scarcely  any  of  its  nitrogen  and  saline  matter^- 
and  therefore 

d  that  the  fertilizing  virtues  of  the  dung  above  that  of  the  food  of  ani- 
mals—i^etgAtj'br  iMt^t— depends  mainly  upon  the  larger  proportion  of 
these  two  constituents  (the  nitrogen  and  the  saline  matter)  which  the 
dung  contains. 

I  have  only  further  to  remind  you  upon  this  subject,  that  the  state  of 
combination  also  in  which  the  nitrogen  exists  in  the  excretions  has  a 
material  influence  in  rendering  their  action  more  immediate  and  sensi- 
ble than  that  of  unchanged  vegetable  matter.  It  passes  off*  for  the  moat 
part  in  the  form  of  urea,  which  is  resolved  into  ammonia  and  its  com- 
pounds more  rapidly  than  the  albumen  of  the  dried  or  even  of  the  recent 
plant,  and  is  thus  enabled  sooner  to  exert  an  appreciable  influeooe  upon 
the  growing  crop. 

§  17.  Of  farm-yard  manure,  and  of  the  state  in  which  it  ought 
to  he  applied  to  the  land. 

The  manure  of  the  farm-yard  consists,  for  the  most  part,  of  cow-dung 
and  straw  mixed  «nd  trodden  together,  in  order  that  the  latter  may  be 
brought  into  a  state  of  decomposition.  In  the  improved  husbandrVf 
where  green  crops  are  extensively  grown  and  many  cattle  are  kept,  the 
horse  duna  forms  only  a  souill  proportion  of  the  whole  manure  of  the 
farm -yard. 

On  an  average,  the  quantity  of  recent  manure  obtained  in  the  farm- 
yard amounts  to  a  little  more  than  twice  the  weight  of  the  dry  food  of 
the  Cattle  and  of  the  straw  spread  in  the  farm-yard  or  in  the  stables 
(p.  469)*  That  is  to  say,  for  every  10  cwt.  of  dry  fodder  and  bedding, 
20  to  23  cwt.  of  fresh  dung  may  be  calculated  upon.  But  if  green 
clover  or  tomips  (every  100  lbs.  of  which  contain  from  70  to  90  lbs.  of 
water)  be  ^ven  to  the  cattle,  an  allowance  must  be  made  for  the  water 
they  contain— 4he  quantity  of  mixed  manure  to  be  expected  being  from 
8  to  2k  limes  the  weight  of  the  dry  food  and  fodder  only. 

But  the  recent  manure  loses  weight  by  lying  in  the  farm-yard.  The 
moisloca  evaporates  and  volatile  matters  escape  by  fermentation.  By 
the  time  that  the  straw  is  half-rotten  this  loss  amounts  to  one-fourth  of 
the  whole  weight,  while  the  bulk  is  diminished  one-half.  If  allowed  to 
lie  still  longer  the  loss  increases,  till  at  length  it  may  approach  to  one- 
half  of  the  whole,  leaving  a  weight  of  dung  little  greater  than  that  of 
the  food  and  straw  which  have  been  consumed.  The  weight  of  com- 
mon mixed  farm-yard  dung,  therefore,  obtained  from  10  cwt.  of  dry  food 
and  straw,  at  difTereot  periods,  may  be  thus  stated  a^proximaUly^^ 
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•    10  cwt.  ofdiT  food  and  straw  yield  of  recent  dung  23  to  25  cwU 

At  the  end  of  sU  week« 21  cw(. 

After  eight  weeks 20  cwt^ 

When  half-rotten  . 15  to  17  cwt. 

When  fully-rotten 10  to  13  *•  ♦ 

These  quantities,  you  will  observe,  are  supposed  to  be  obtained  in 
the  common  open  farm -yards,  with  the  ordinaiy  slow  process  of  ferman^ 
tation.  An  improvedi  quicker,  or  more  economical  mode  of  fermenting 
the  mixed  dung  and  straw  may  be  attended  with  leas  loss,  and  may 
j;ive  a  larger  return  of  rich  and  fully-rotten  dung. 

A  knowledge  of  these  facts  shows  clearly  what  is  the  most  economical 
ibrm  in  which  farm-yard  manure  can  be  applied  to  the  land. 
'  1^.  The  more  recent  the  manure  from  a  given  quantity  of  /bod  and 
Mraw  is  ploughed  in,  the  greater  the  quantity  of  organic  matter  we  ad4 
to  the  land.  iVhen  the  only  object  to  be  regarded,  therefore,  is  the  genr 
eral  enriching  of  the  soil,  this  is  the  most  economical  and  the  most  e«* 
pedient  form  of  employing  farm^yard  manure* 

2^.  But  where  the  soil  is  already  very  light  and  open,  the  plonghing 
in  of  recent  manwre  mfiy  make  i^  still  more  so,  and  may  thus  materialf 
ly  injure  its  mechanical  condition.  In  such  a  case  the  least  of  two  evU# 
must  be  chosen.  It  may  be  better  hiisbandry*«*-that  is,  more  economif> 
cal-^-to  allow  the  mfmure  to  ferment  and  consolidate  in  the  ikrm-yard 
;witii  the  certainty  «f  a  considerable  loss,  than  to  diminish  the  solidity  of 
ihe  land  by  ploughing  it  in  in  a  recent  state. 

3°.  Again^n  the  soil,  a  fermentation  and  decay  similar  to  tha^ 
which  tiULos  place  in  the  farm-yard  will  slowly  ensue.  The  benefit 
which  generally  foUowe  from  causing  this  fermentation  to  take  place  ij| 
the  field  rather  than  in  the  <>pen  yard  is,  that  the  products  of  the  decom^ 
position  are  taken  up  by  the  soil,  and  thus  waste  is  in  a  f(reat  measurt 
prevented.  But  in  very  light  and  open  sculs,  this  absorption  of  the  pro* 
ducts  of  decay  does  not  take  place  so  completely.  The  rains  wash  out 
some  pptiioos,  while  others  escape  into  the  air,  and  thus  by  burying  the 
i»oent  manure  in  such  soils,  less  of  that  waste  is  preventea  which  when 
left  io  the  open  air  it  is  sure  to  undergo.  It  may  even  happen,  in  soma 
cases,  that  the  waste  in  such  41  soil  will  not  be  greatly  mferior  to  that 
which  neceswuily  takef  place  in  the  farm-yard.  The  practical  man, 
therefore,  may  quasdon  whether,  as  a  general  rule,  it  would  not  be  safer 
in  farming  very  light  arable  lands,  to  keep  his  manure  in  heaps  till  it  i^ 
well  fermented,  and  to  adopt  those  means  for  preventing  waste  io,thi9 
heaps  themselves  which  science  and  practical  skill  point  out  to  him.  • 

It  may  be  regarded  indeed  as  a  prudent  general  opinion  to  bold««^ne, 
however,  wj^ich  must  not  be  maintained  in  regard  to  any  particular  tra<9F 
of  land  in  oppoolion  to  the  results  of  enlightened  experieoce-nrthat  rer 
cent  farm-yard  manure  {long  dung)  is  pot  ^ited  io  very  light  /soils, 
beeause  it  will  sender  them  etill  lighter,  and  bepauee  in  them  the  manare 
may  su^r  almoat  9s  much  waste  as  in  the  fivm-yafd  ;r!^aod»  therefiijjSi 

-In  an  exc«VM)t  )ili|s  nncticd  wortc  juiai^foT  prl^rsle  ekfinM^,  mifir  (lie  4Ue^/ 
»mtmoH(keCuUun  and  Onppliig  qf  AralUe  Lmd,**  by  the  laij  Dr.  Coventry,  of  Ed  W- 
Imrxh,  the  reader  will  fiod  a  valuAle  eecUoo  upon  maiiurea.  The  moat  complefe  wort^ 
eow  iB  esiatence  upon  tiie  geoejnl  aublcct  of  ««rieuUuni  alatica,  ia  that  of  iilcijbek,  Mf  &^ 
naknmg  dir  I^fiimMe»ia¥ilae  SUUikdea  Landhm 
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that  into  such  soils  it  sbould  be  ploughed  in  the  compact  state  {i^art 
dung),  and  as  short  a  time  as  possible  before  the  sowiog  of  the  crop 
wbich  it  is  ioteoded  to  benefit. 

4<'.  But  upon  loamy  and  clay  soils  the  contrary  practice  is  recom- 
mended. Such  soils  will  not  be  injured,  they  may  even  be  benefitted 
by  the  opening  tendency  of  the  unfermenled  straw,  while  at  the  same 
time  the  pn)ducts  of  its  decomposition  will  be  more  completely  retained 
-^he  land  consequently  more  enriched,  and  the  future  crops  more  im- 
proved by  it.  On  such  soils,  the  recent  dung  ploughed  in,  in  the  au- 
tumn, has  been  found  greatly  more  influential  upon  the  crops  of  com 
which  followed  it,  either  in  wmler  or  in  spring,  than  a  ffroportumal  qoan- 
tity  of  well  fermented  manure.  By  such  treatment,  indeed,  the  whole 
surface  soil  is  converted  into  a  layer  of  compost,  in  which  a  slow  fer- 
mentation proceeds,  and  which  reaches  its  most  fertilizing  condition 
when  the  early  spring  causes  the  young  com  to  seek  for  larger  supplies 
of  food. 

5^.  But  the  nature  of  the  crop  he  is  about  to  raise  will  also  influence 
the  skilful  farmer  in  his  application  of  long  or  short  dung  to  his  land.  If 
the  crop  is  one  which  quickly  springs  up,  rans  through  a  short  life,  and 
attains  an  early  maturity,  he  will  apply  nis  manure  in  such  an  advanced 
state  of  fermentation  as  may  enable  it  immediately  to  benefit  the  rapidly 
growing  plant.  In  this  case,  also,  it  may  be  better  to  lose  a  portion  by 
fermenting  it  in  the  farm-yard,  than,  by  applying  his  manure  fresh,  to 
allow  bis  crop  to  reach  nearly  to  maturity  beiore  any  benefit  begins  to 
be  derived  from  it. 

9<^.  So  also  the  purpose  for  which  he  applies  his  manure  will  regulate 
his  procedure.  In  manuring  his  turnips  the  farmer  has  two  distinct 
objects  in  view.  He  wishes,  first,  to  force  the  young  plants  forward  so 
rapidly  that  tbey  may  get  into  the  second  leaf  soon  enoueh  to  preserve 
them  from  the  ravages  of  the  fly— and  afterwards  to  fumish  them  with 
such  supplies  of  food  as  shall  keep  them  growing  till  they  have  attained 
the  most  profitable  size.  For  the  former  purpose  fermented  manure 
appears  to  be  almost  indispensable— if  that  of  the  farm-yard  is  employed 
at  all— for  the  latter  manure,  in  the  act  of  slow  and  prolonged  decompo- 
sition, is  the  most  suitable  and  expedient. 

It  is  because  bone-dost  is  admirably  adapted  for  both  purposes,  that 
it  has  become  so  favourite  a  manure  in  many  districts  for  the  turnip 
crop.  The  gelatine  of  the  outer  portion  of  the  bones  soon  heats,  fer- 
ments, and  gives  oflT  those  sobstandes  by  which  the  young  plant  is  bene- 
filled— while  the  gelatine  in  the  interior  of  the  bone  decays,  little  by  lit- 
tle, and  during  the  entire  season  continues  to  feed  the  maturing  bulb. 
Itape-dust,  when  drilled  in,  acts  in  a  similar  manner,  if  the  soil  be  suf- 
ficientlywioist.  It  may  be  doubted,  however,  whether  its  effects  are  so 
permanent  as  those  of  bones. 

The  considerations  I  have  now  presented  will  satisfy  you  that  the  dis- 
putes which  have  prevailed  in  regard  to  the  uso  of  long  and  short  dung 
have  arisen  from  not  keeping  sufficiently  distinct  the  two  questions— 
what  is  theoretically  the  best  form  in  which  farm-yard  dung  can  be  ap- 

{aied  in  ^«i«raZ?— and  what  is  OieortticallynuA practically  (he  best  form 
n  which  it  can  be  applied  to  this  or  to  that  crop,  or  for  this  or  for  that 
^peeial  obDeci? 
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I  18.  Of  top-dressing  vnth  fermenting  manures. 

If  90  large  a  waste  occur  in  the  farm-yard  where  the  manure  ia  left 
long  to  ferment— can  it  be  good  husbandry  to  spread  fermenting  manure 
as  a  permanent  top-dressing  over  the  surface  of  the  fields  7  This,  also, 
is  a  question  in  regard  to  which  different  opinions  are  entertained  by 
practical  men. 

That  a  considerable  waste  must  attend  this  mode  of  application  there 
can  be  no  doubt.  Volatile  matters  will  escape  into  the  air  and  saline 
substances  may  be  washed  away  by  the  rains,  and  yet  there  are  many 
good  practical  farmers  who  consider  this  mode  of  applying  such  manure 
to  be  m  certain  cases  as  profitable  as  any  that  can  be  adopted.    Thus— - 

1°.  It  is  common  in  spring  to  apply  such  a  top-dressing  to  old  pasture 
or  meadow  lands,  and  the  increased  produce  of  food  in  the  form  of  grass 
or  hay  is  believed  to  be  equal,  at  least,  to  what  would  have  been  ob- 
tained from  the  same  quantity  of  manure  employed  in  the  raising  of 
turnips.  Where  such  is  really  the  case  experience  decides  the  question, 
and  pronounces  that  notwithstanding  the  loss  which  must  occur,  this 
mode  of  applying  the  manure  is  consistent  with  good  husbandry.  But 
if  the  Quantity  or  market  value  of  the  food  raised  by  a  ton  of  manure 
appiiea  in  this  way  is  not  equal  to  what  it  would  have  raised  in  turnips 
and  corn,  then  it  may  as  safely  be  said  that  the  most  economical  method 
of  employing  it  has  not  been  adopted. 

But  theory  also  throws  some  interesting  light  upon  this  question. 

Old  grass  lands  can  only  be  manured  by  top-dressings.  And  if  they 
cannot  continue,  and  especially  such  as  are  meadowed,  to  yield  an  average 
produce,  unless  there  be  now  and  then  added  to  the  soil  some  of  those 
same  substances  which  are  carried  off  in  the  crop,  it  appears  to  be  al- 
most necessary  that  farm-yard  dung  should  now  and  then  be  applied  in 
some  form  or  other.  It  is  true  that  hay  or  straw  or  long  dung  contains 
all  the  elements  which  the  growing  grass  requires,  but  if  spread  on  the 
surface  of  the  field  and  then  allowed  to  ferment  and  decay,  the  lose 
would  probably  be  still  greater  than  when,  for  this  purpoee,  it  is  collected 
into  heaps  or  strewed  in  the  farm-yard.  Thus  the  usual  practice  of 
laying  on  the  manure  in  a  highly  fermented  state  may  be  the  most  eco- 
nomical. 

2?.  Aeain,  where  the  turnip  crop  is  raised  in  whole  or  in  part  by 
means  of  bones  only,  of  rape  dust,  or  of  other  artificial  manures,  as  they 
are  called,  it  is  usual  to  expend  a  large  proportion  of  the  farm-yard  dung 
in  top-dressing  the  succeeding  crop  of  clover.  Thus  the  land  obtains 
two  manurings  in  the  course  of  the  four  years*  rotation— bones  or  rape- 
dust  with  the  turnips— and  fermented  dung  with  the  clover.  This  second 
application  increases  the  clover  crop  in  some  districts  one-fourth  and  the 
afler-ciop  of  wheat  or  barley  very  considerably  also.* 

Here,  also,  it  is  clear,  that  if  manure  be  necessary  to  the  clover,  it  can 
only  be  applied  in  the  form  of  a  top-dressing.  But  why  is  it  necessary^ 
as  experience  says,  and  why  should  farm-yard  manure,  which  is  known 
to  suffer  waste,  be  applied  as  a  top-dressing  rather  than  rape-dust,  which 
in  ordinary  seasons  is  not  so  likely  to  suffer  loss?  I  ofier  you  the  fol- 
lowing explanation  :— 

*  Such  ts  (he  cam  upon  wme  of  the  iarme  in  ihe  Vale  of  the  Tame  (Staffordahire),  wheri 
Ibe  timips  are  niaed  wlih  rape-duet,  and  wheal  fbUowi  lhc,^^ff.^y  ^j  w ^^  i^ 
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If  yoa  raise  your  tamip  crop  by  the  aid  of  bonca  or  mpe-doat  alooe, 
you  add  to  the  soil  what,  in  most  cases,  may  be  sufficient  to  supply 
nearly  all  the  wants  of  that  crup,  but  you  do  not  add  all  tchidi  (kc  suc- 
ceeding crops  of  com  and  clover  require.    Hence  if  these  crops  are  to 
be  grown  continuously,  and  for  a  length  of  time,  some  other  kind  of 
manure  must  be  added— in  which  those  necessary  substances  or  kinds  of 
food  are  present  which  the  bones  and  rape>dust  cannot  supply.    Farm- 
yard manure  contains  them  all.    This  is  within  the  reach  of  every 
farmer.     It  is,  in  fact,  his  natural  resource  in  every  such  difficulty.   H!e 
has  tried  it  upon  his  clover  crop  in  the  circumstances  we  are  consideriog, 
and  has  necessarily  found  it  to  answer. 

Thus  to  explain  the  results  at  which  he  has  arrived  in  this  special  case, 
chemical  theory  only  refers  the  practical  man  to  the 'general  principle 
upon  which  all  scientific  manuring  depends— that  he  must  add  to  Hit  soil 
sufficient  supplies  of  every  thin^  he  carries  off  in  his  cropt— and,  there* 
(ore,  without  some  such  dressing  as  he  actually  applies  to  his  clover 
crop,  he  could  not  long  continue  to  grow  good  crops  of  any  kind  upon 
his  land,  if  he  raise  his  turnips  with  hopes  or  rape-dust  only. 

It  might,  I  think,  be  worthy  of  trial,  whether  tne  use  of  the  fermented 
dung  for  the  turnips,  and  of  the  rape  dust  for  top-dressing  the  after-crojps, 
would  not,  in  the  entire  rotation,  yield  a  larger  and  more  remuneratiog 
return. 

§  19.  Of  eating  off  vnth  she^. 

The  practical  advantage  derived  from  eating  oflT  tnmipa  and  clover 
CfDps  with  sheep  are  mamly  of  Iwo  kinds.  Light  lands  are  trodden 
down  and  solidined,  and  they  are  at  the  same  time  equably  and  mom 
or  less  richly  manured.  WKh  this  latter  efiect,  that  of  manuring,  some 
interesting  practical  facts  and  theoretical  considerations  are  connected. 
Thu»— 

1°.  In  the  preceding  lecture  (p.  419)  I  mentioned  to  yon  that  in 
some  parts  of  Germany,  spurry,  among  other  plants,  is  eaiensively 
crown,  and  with  much  profit,  for  pioughinff  in  as  a  green  manure.  Now 
U  is  mentioned  that  the  crops  of  rye  which  follow  a  crop  of  spurry  are 
sometimes  quite  as  great  when  it  has  been  eaten  off  with  sheep  or  cattle 
as  when  it  has  been  ploughed  in.* 

2°.  In  accordance  with  this  statement  is  the  opinion  of  many  skilful 
practical  men  among  ourselves,  that  a  crop  of  clover  or  of  tares  will 
cause  a  larger  afier'-arowth  oS  corn,  if  it  be  eelof  off  with  sheep,  than  if 
«t  be  ploughed  in  in  the  green  state. 

The  correctness  of  these  practical  observations  appeare  from  a  brief 
consideration  of  one  of  those  interesting  theoretical  questions  we  have 
tecently  been  discussing. 

When  a  crop  is  eaten  off  by  fulKgrown  animals,  it  returns  again  to 
the  soil,  deprived  of  a  portion  of  itscariion  only  (p.  473).  The  manure 
^contains  all  the  nitrogen  and  saline  matter  of  the  green  vegietables,  and 
in  a  state  in  which  tiiey  are  more  immediately  available  to  the  uses  of 
the  young  plant.  Thus  far,  then,  we  can  understand  that  in  certain 
oases  a  crop  may  appear  to  fertilize  the  land  more  after  it  has  been  eaten 
and  digested,  than  if  it  had  been  ploughed  in  green,  and  we  can  recog- 
nize the  correctness  of  the  opinion  at  which  practical  men  have  arrived. 
•  Von  Vofht,  UberUtmtks  VtriksiUdtr  ghimst  4mgmM. 
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Bot  theory  does  not  forsake  us  here.  As  in  all  other  cases  in  which 
it  furnishes  a  true  explanation  of  known  facts,  it  points  to  new  facts  also, 
which  more  or  less  modify  our  received  opinions,  and  define  the  limits 
within  which  their  truth  can  be  rigorously  maintained.    Thus— 

1^.  Theory  says  that  if  the  animals  fed  upon  the  green  crop  be  in  a 
growing  state— if  they  be  increasing  in  muscle  or  in  bono— they  will 
not  only  dissipate  through  their  lungs  and  skin  a  portion  of  its  carbon, 
but  will  retain  also  a  part  of  its  nitrogen  and  sahne  matter,  and  will 
thus  return  to  4he  soil,  in  their  excretions,  a  smaller  quanliijr  of  these 
substances  than  the  crop  would  have  given  to  it  if  ploughed  in  green. 
If,  therefore,  a  maximum  fertilizing  e&ct  is  to  be  produced  upon  a  field 
by  eating  off-  a  green  crop,  it  is  not  altogether  a  matter  of  indifference 
what  kind  of  animals  we  employ  as  digesters. 

2^.  Again,  the  practice  of  green  manuring  is  resorted  to  chiefly  upon 
soils  which  are  poor  in  organic  matter— to  which  the  carbon  of  the  green 
crop  is  of  consequence,  as  well  as  the  nitrogen  and  saline  matter  it  con- 
tains. But  when  eaten  oflT,  much  carbon  is  lost  to  the  soil,  and  thus  the 
supply  of  organic  matter  which  it  ultimately. gets  is  considerably  less 
than  if  the  crop  it  bore  had  been  ploughed  in  in  the  green  state.  Such 
soils,  then,  cannot  be  equally  enriched  by  the  former  as  by  the  latter 
method. 

This  case  presents  a  very  interesting  illustration,  and  one  which  you 
can  readily  appreciate,  of  the  kind  of  useful  information  which  theoreti- 
cal chemistry  is  capable  of  impartins  upon  almost  every  branch  of 
practical  agriculture.  It  says  to  the  farmer— yes,  you  may  in  some 
cases.  Certainly,  eat  ofT  the  crop  with  advantage^but  if  you  wish  to  do 
most  good  to  your  land  you  must  eat  it  off  with  fattening,  not  with  grow- 
ing sheep— and  you  must  do  so  upon  soils  which  are  not  very  poor  in 
vegetable  matter.  And  that  explains  to  me  also,  says  the  practical  man, 
in  reply,  why  I  have  always  found  sheep  folding  to  be  most  beneficial 
on  sQiU  which  are  rich  in  vegetable  matter*  (p.  468). 

§  20.  Ofiheimj[frovement  of  the  soil  hy  irrigation. 

Irrigation,  as  it  is  practised  in  our  climate,  is  only  a  more  refined 
method  of  manuring  the  soil.  In  warm  climates,  where  the  parched 
plant  would  wither  and  die  unless  a  constant  supply  of  water  were  ar- 
tificially afibrded  to  it,  irrigation  may  act  beneficially  by  merely  yield- 
ing this  supply  to  the  growing  crops ;  but  in  our  latitudes  only  a  small 
part  of  its  beneficial  e^cts  can  be  ascribed  to  this  cause.  It  is  to  pas- 
ture and  meadow  land  almost  solely  that  irrigation  is  applied  by  British 
farmers,  and  the  good  effect  it  produces  is  to  be  explained  by  a  reference 
to  various  and  natural  causes. 

1°.  If  the  water  be  more  or  less  muddy,  bearing  with  it  solid  matter 
which  deposites  itself  in  still  places,  the  good  effects  which  follow  its 
diffusion  over  the  soil  may  be  ascribed  to  the  layer  of  visible  manure 
which  it  leaves  everywhere  behind  it.     Thus  the  Nile  and  the  Ganges 

*  Spreofel  eipbiiM  this  fiMt  by  allednf  that  the  hamfc  add  of  the  Tegetable  matter  re- 
taiM  more  elftctaallj  the  ammonia  of  the  deeompoeiog  dung.  There  may  be  aometbiof  la 
Uile,  but  more,  in  moel  caeea,  I  think,  in  the  fact  that  digeetion  eeparates  much  of  the  carbon 
IB  which  tbe  «>ll8  abound,  boC  reiiima  (be  nluvgen  and  aaline  matter  almost  entirely  and  in  a 
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fertilize  the  lands  over  whioh  their  anoual  floods  extend,  and  -partly  in 
this  way  do  some  of  our  stQaller  streams  improve  the  fields  over  wnich 
they  either  naturally  flow  or  are  artificially  led. 

2°.  Or  if  the  water  hold  in  solution,  as  the  liquid  manures  of  the 
farm-yard  do,  substances  on  which  plants  are  known  to  feed,  then  to  dif- 
fuse them  over  the  surface  is  a  simple  act  of  liquid  manuring,  from 
which  the  usual  benefits  follow.  Such  is  the  irrigation  which  is  prac- 
tised in  the  neigbourhood  of  our  large  towns,  where  the  contents  of  the 
common  sewers  are  discharged  into  the  waters  why:h  subsequently 
spread  themselves  over  the  fields.*  In  so  far  also  as  any  streams  can 
be  supposed  to  hold  in  solution  the  washings  of  towns  or  of  higher  lands 
—and  there  are  few  which  are  not  more  or  teas  impregnated  in  this  man- 
ner—-so  far  may  their  beneficial  action,  when  employed  for  purposes  of 
irrigation,  be  ascribed  to  the  same  cause. 

3°.  But  spring  waters  which  have  ran  only  a  short  way  from  their 
source  are  occasionally  found  to  be  valuable  irrigators.  In  such  cases, 
also,  the  good  effect  may  be  due  in  whole  or  in  part  to  substances  held 
in  solution  by  the  water.  Thus,  in  lime-slone  districts,  and  especially 
those  of  the  mountain  Ifhie-stone  formation  (Lee.  XI.,  §  8,)-*in  which 
copious  springs  are  not  unfrequently  met  with — the  water  is  generally 
impregnated  with  much  carbonate  of  lime,  which  it  slowly  deposites  as 
it  flows  away  from  its  source.  To  irrigate  with  such  water  is,  in  a  re- 
fined sense,  to  lime  the  land,  and  at  the  same  time  to  place  within  the 
reach  of  the  growing  plants  an  abundant  supply  of  this  substance,  in  a 
form  in  which  it  can  readily  enter  into  their  roots.f 

In  other  [districts,  again,  the  springs  contain  gypsum  and  common 
salt,  and  sulphate  of  soda  and  sulphate  of  magnesia,  and  thus  are  capa- 
ble of  imparling  to  plants  many  of  those  inorganic  forms  of  matter, 
without  which,  as  we  have  seen,  they  cannot  exhibit  a  healthy  growth. 
4°.  Again,  it  is  observed  that  the  good  effects  of  irrigation  are  j^pduced 
only  by  running  t(?a^r-*coarse  grasses  and  marsh  plants  springing  up 
when  the  water  is  allowed  to  stagnate.^  This  is  explained  in  part  by  the 
fact  that  a  given  quantity  of  water  will  soon  be  deprived  of  that  portion 
of  matter  held  in  solution,  of  which  the  plants  can  readily  avail  them- 
selves, and  that  when  this  is  the  case  it  can  no  longer  contribute  to  their 
growth  in  an  equal  degree. 

But  there  is  another  virtue  in  running  water,  which  makes  it  more 
wholesome  to  the  living  plant.  It  comes  upon  the  field  charged  with 
gaseous  matter,  with  oxygen  and  nitrogen  and  ^arbonic  acid,  in  propor- 
tions very  diflerent  from  those  in  which  these  gases  are  mixed  together 
in  the  air  (Lee.  II.,  §  6).  To  the  root,  and  to  the  leaf  also,  it  carries 
these  gaseous  substances.  The  oxygen  is  worked  up  in  aiding  the  de- 
composition of  decaying  vegetable  matter.  The  carbonic  acid  is  ab- 
sorbed by  and  feeds  the  plant.  Let  the  same  water  remain  on  the  same 
spot,  and  its  snpply  of  these  gaseous  substances  is  soon  exhausted.  In 
its  state  of  rest  it  re  absorbs  new  portions  from  the  air  with  comparative 
^wness.    But  let  it  flow  along  the  surface  of  the  field,  exposing  every 

*  For  an  totoreaiinc  aoeoont  of  the  eflhctt  of  rach  IrrifiUon  la  tb«  BttighbMubood  of  Bdifr 
bmiKh,  aee  Blephena,  On  Irrigation  and  Vrainingy  p.  76. 

t  Some  of  the  water  used  in  the  wellknown  eeienUfle  irrigations  at  Cloaebum  HaU,  in 
Dumfrieaehfrp,  appears  to  have  been  ixnnregnated  wiUi  lime.    See fltapbwn, |».  43. 

t  Low'e  B:*mMt9  •/ AgricuUwrt^  3d  edition,  p.  473. 
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moment  new  particles  to  the  moving  air,  and  it  takes  in  the  carbonic 
acid  especially  with  much  rapidity— and  as  it  takes  it  from  the  air,  al- 
most as  readily  again  gives  it  up  to  the  leaf  or  root  with  which  it  first 
comes  into  contact.  This  is  no  doubt  one  of  the  more  important  of  the 
several  purposes  which  we  can  understand  running  water  to  serve  when 
used  for  irrigation. 

But  further,  if  water  be  allowed  to  stagnate  over  the  finer  grasses* 
they  soon  find  themselves  in  circumstances  in  which  it  is  not  consistent 
with  their  nature  to  exhibit  a  healthy  growth.  They  droop,  therefore, 
and  die,  and  are  succeeded  by  new  races,  to  which  the  wet  laud  is  more 
congenial. 

6^.  It  is  known  also^  that  even  running  water,  if  kept  flowing  with- 
out intermission  for  too  long  a  period,  will  injure  the  pas^ore.  This  is 
because  a  long  immersion  in  water  induces  a  decay  of  vegetable  matter 
in  the  soil  «?hich  is  unfavourable  to  the  growth  of  the  grasses — produ- 
cing chemical  compounds  which  are  not  naturally  formed  in  those  situ- 
ations in  which  the  grasses  delight  to  grow,  and  which  are  unwholesome 
to  them.  Although,  therefore,  the  water  continues  to  supply  those  va- 
rious kinds  of  food  by  which  the  grasses  are  benefitted,  yet  it  becomes 
necessary  to  withdraw  it  for  a  time  in  order  that  other  injurious  conse- 
quences may  be  avoided. 

6^»  £a«/2y.— Irrigation  is  most  beneficial  where  the  land  is  well 
drained  beneath— where  the  water,  after  the  irrigation  is  stopped,  can 
sink  and  find  a  ready  outlet.  The  same  benefits  indeed  flow  from  the 
draining  of  irrigated  as  from  that  of  arable  lands.  The  soil  and  subsoil 
are  at  once  washed  free  of  any  noxious  substances  they  may  naturally 
contain,  or  may  have  derived  from  the  crops  they  have  grown,  and  are 
manured  and  opened  up  by  the  water  which  passes  through  them.  As 
the  water  descends  also,  the  air  follows  it,  to  change  and  mellow  the 
nnder-soil  itself. 

Such  are  the  main  principles  upon  which  the  beneficial  action  of  irri- 
gation depends,  and  they  appear  to  me  satisfactorily  to  account  for  all 
the  fiicts  upon  the  subject  with  which  I  am  acquainted.  I  pass  over  the 
alleged  beneficial  action  of  water  in  keeping  the  temperature  of  irriga- 
ted fields  from  sinking  too  low.  As  irrigation  is  practised  in  our  islands, 
little  of  tlie  good  done  to  watered  meadows  can  be  properly  attributed  to 
this  cause. 


I  have  now  drawn  your  attention  to  the  most  important  and  readilr 
available  means,  mechanical  and  chemical,  for  improving  the  soil. 
Let  us  next  study  the  products  of  the  soil— their  composition,  their 
dififerences,  and  the  purposes  they  are  inteiided  to  serve  in  the  feeding 
and  nourishment  of  animals. 
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LECTURE  XIX. 

Of  Ui«  produce  of  the  soU.— Average  produce  of  England  and  Scotland.— Clreimiataiieet  bf 
which  the  produce  of  the  land  is  affected.—Inilueoco  of  climate,  of  eeaeon,  of  aelLc^tlMi 
kind  and  vmrietj  of  crop,  of  the  method  of  cohure,  and  of  the  coune  of  cropping.— Theocr 
of  the  ralBlioo  of  crops.— Whv  lands  become  dred  of  clover  (elover-alck)  and  ocber  epedai 
crops.- Theory  of  fiillowB.-H)ompoMUon  of  wheat,  oata,  barlej,  rye,  and  Indian  com.— lo- 
lloenceofelUnate,  soil,  manure,  variety  of  seed,  mode  or  culture,  and  time  of  cutting,  upon 
the  compoaition  of  these  grains.— fiflfect  of  baking  upon  bread.— Sappoaedrelatioii  between 
the  weight  of  bread  and  the  proportion  of  gluten.- Effect  of  germination  (malting)  opon 
barley.— Composition  of  peas,  beans,  and  vetches.— Effects  ofsoll,  Ac,  upon  the  boiiiiy 
qualiiT  of  peaji  —Composition  of  the  lumip,  the  carrot,  the  beet,  and  the  potato*.— Eflbot 
of  soil,  age,  size,  rapidity  of  growth,  &c.,upon  their  composition. — ^Relative  proportions  of 
nutritite  m  ttter  produced  by  different  crops  on  the  same  extent  of  ground. — uompoaMoD 
of  the  nasses  and  clovers.— Effect  of  soils,  manures,  time  of  cutting,  mode  of  drying,  *e.t 
Dpon  their  compoaiilMi  and  nutritive  value. 

Having  now  considered  the  most  important  of  those  means  by  which 
the  soil  may  be  improved,  it  will  be  proper  to  direct  our  attention  to  that 
which  the  land  produces— to  the  chemical  nature  of  the  crops  you  raise, 
to  the  differences  which  exist  among  them,  and  to  the  purposes  they  aze 
fitted  to  serve  in  the  feeding  of  man  and  other  animals. 

Agricultural  products  are  of  three  distinct  kinds  : 

l^'.  Such  as  are  directly  reaped  from  the  soil  in  the  form  of  com,  pota- 
toes, hay,  &c. 

2^.  Such  as  are  the  result  of  a  kind  of  natural  process  of  manufacturot 
by  which  the  direct  produce  of  the  soil  is  more  economically  converted 
into  the  beef  and  mutton  of  the  feeder  of  stock. 

3^.  Such  as  are  the  results  of  a  further  conversion  at  the  hands  of  the 
dairy  farmer,  and  are  sent  to  market  in  the  form  of  butter  and  cheese. 

Ttius  tluree  distinct  topics  of  consideration  present  themselves  in  con- 
nection with  the  produce  of  the  soil, — the  nature  of  the  immediate  pro- 
ducts them^lves^the  economy  of  the  feeding  of  stock— *and  the  {nrepani- 
tion  of  butter  and  cheese.  We  shall  study  these  several  topics  in  their 
natural  order. 

§  1.  Of  the  maximum  or  greatest  pouibltt  and  the  average  or  aeHtalf 
produce  of  the  land* 

There  is  a  wide  diflference  in  most  countries  between  the  actual 
amount  of  food  produced  by  the  land,  and  that  which,  in  the  moet  fib- 
vourable  circumstances,  it  would  delight  to  yield. 

An  imperial  acre  of  land  in  our  isfiind  has  been  known  to  yield  of 
wheat  70  bushels,*  barley  80  bushels,  oats  100  bushels,  potatoes  30 
tonSff  and  turnips  60  tons.| 

The  average  produce  of  the  land,  however,  is  far  below  these  qnanti- 
tiee.    It  is  not  easy  to  arrive  at  a  tolerable  appraximadon  even  lo  the 

•  In  the  county  of  Bllddlesex  the  produce  of  wheat  varies  frwn  12  to  (»  boshele-of  bar- 
lev  from  16  to  76--«nd  of  oats  from  82  to  96  bushels.— AMUblM'e  Vtewqftht  AgrlaO^ 
ture  qfAEddletes,  1796,  pp.  176, 183,  and  IBB. 

t  See  Mr.  Fleming's  experiments  upon  potatoes  In  the  Appendix. 

%  Perhaps  this  is  not  the  iiMur<fimm.-Inthe  SeamdSiport  qfO*  Aq^l^tiei^Mrat  *». 
pnumem  Soctelyiif  Irel^d,  p.  67,  a  crop  of  turnips  is  mentioned,  which  weighed  66  too^- 
topn  and  bulbe  amounting  together  to  78  tons.  uigmzeu  oy  ^j  w ^^  i>^ 
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tnie  aTerage  produce  of  the  island.    Mr.  Macculloch  estimates  that  of 
wheat  at  26  bushels  an  acre,  barley  at  32,  and  oats  at  36. 

Sir  Charles  Lemon  gives  for  the  average  produce  of  all  England,  and 
for  the  highest  and  lowest  county  aTerageSt  the  Allowing  numben — 
ATenge  for  Higheat  Loweit 

ftll  Enikod  countj  average  coantj  ateng* 

^^  In  boanels.  f  n  bushels.  in  baahets. 

Wheat    -    -    -      21  26  Nottinghamshire.         16  Dorset. 

Barley    -    -    -      32|  40  Huntingdon.  34  Devon. 

Oats  .    -    -    -      35|  48  Lincolnshire.  20  Gloucester. 

Potatoes  -    -    -    241  360  Cheshire.  100  Durham. 

While  in  Scotland,  according  to  Mr.  Dudgeon,  the  average  produce 
of  ccHmis^ 

Good  land.  Lighter  land. 

Wheat    -    -    -    -  30  to  32  bushels.        22  to  26  bushels. 
Barley     -     -     -     -  40  to  44       do.  34  to  38       do. 

Oats 46  to  50       do.  36  to  43       do. 

If  these  numberB  of  Sir  Charles  Lemon  and  of  Mr.  Dudgeon  are  to  be 
depended  upon,  the  averages  for  the  whole  island  cannot  be  far  from 
wheat  24  bushels,  barley  34  bushels,  oats  37  bushels,  potatoes  6  tons, 
and  turnips  10  tons. 

Thougn  even  these,  especially  in  reganl  to  the  root  crops,  must  lie 
considered  as  in  a  considerable  degree  hypothetical.* 

What  is  the  cause  of  the  striking  diflferences  above  exliibiled  between 
the  maximum  produce  of  certain  parts  of  the  island  and  the  average  pro- 
duce of  the  whole  ?  Are  such  differences  necessary  and  unavoidable? 
Can  the  less  productive  lands  not  be  made  to  yield  a  larger  return  ? 
Can  the  large  crops  of  the  richer  districts  not  be  further  increased,  and 
their  amount  kept  up  for  an  indefinite  succession  of  seasons  7 

These  interesting  questions  lie  at  the  foundation  of  all  agricultural  im- 
provement—and skill  and  science  answer  that,  though  differences  to 
a  certain  amount  are  unavoidable,  yet  that  means  are  already  known 
by  which  the  fertility  of  the  richer  lands  may  be  maintained,  and  the 
crops  of  the  less  productive  indefinitely  enlarged. 

^2.  Of  the  circumstances  by  which  the  produce  of  food  is  affected-—' 
difnatCf  season^  soil,  ^r. 

The  quantity  of  food  produced  by  a  given  extent  of  land  is  aflfected  by 
the  dimate,  by  the  season,  by  the  soil,  by  the  nature  of  the  crop,  by  the 
"variety  sown  or  planted,  by  the  general  method  of  culture,  and  by  the  ro- 
tation or  cooTBe  of  cropping  that  is  adopted. 

I*'.  Climate,— Thoi  the  warmth  of  the  climate,  tlie  length  of  the  sum- 
mer, and  the  quantity  of  rain  that  falls,  influence  in  a  remarkable  degree 
the  amount  of  food  which  a  district  of  country  is  fitted  to  raise,  is  fh- 
iniHflT  to  eTery  one.  The  warmth  of  the  equatorial  regions  maintains  a 
perpetual  verdure,  while  the  short  northern  summers  ailbrd  only  a  few 
months  of  pasture  to  the  stunted  cattle.  The  dificrence  of  latitude  be- 
tween the  extreme  ends  of  our  island  produces  a  simUar  difierence,  thot^ 
in  a  less  degree.     The  almost  perennial  verdure  of  the  southern  counties 

k  '.?l}®\''*^*''Sf.*'*'*^5*^  "*•  K9tng9  piodoce  of  wheat  in  aU  Eoglttid  at  17 
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cannot  be  hoped  for  In  the  north  of  Scotland,  and  yet  it  Ib  said  that  i  i 
parts  of  Roas-shiro  the  com  and  turnip  crops  are  equal  to  those  of  th; 
most  favoured  districts  of  Britain.  Is  this  to  be  regarded  solely  as  the 
triumph  of  skill  and  industry  oyer  the  difficulties  presented  by  nature  ? 

2**.  5cfiWon.-— The  influence  of  the  seasons,  wet  or  dry,  warm  or  cold, 
has  been  observed  by  tlie  farmer  in  all  ages,  and  it  cannot  be  entirely 
overcome.  The  heavy  crop  of  this  year  naiay  not  be  reaped  again  on 
the  next,  because  an  unusual  cold  may  arrest  its  growth.  And 
yet  good  husbandry  will  do  much  even  here — since  the  higher  the  farm- 
ing the  fewer  the  number  of  failures  which  the  intelligent  man  will 
have  occasion  to  lament. 

3°.  iS<yi/.^Diver3ity  of  soil  is  held  to  be  a  sufficient  reason  for  differ- 
cn:;e  both  in  kind  and  in  weight  of  crop.  A  poor  sand  is  not  expected  to 
give  the  same  return  a?  a  rich  clay.  Yet  in  regard  to  the  capabilities  of 
soils  under  skilful  management,  practical  agriculture  appears  as  yet  to 
have  much  to  learn.  Is  there  any  method  hitherto  little  tried  by  which 
soils  of  known  poverty  may  be  compendiously  and  cheaply  doctored,  so 
as  to  produce  a  greatly  larger  return  ?  Science  seems  to  say  that  there  U, 
and  points  to  a  wide  field  of  experimental  research,  by  the  diligent  cul- 
ture of  which  we  may  hope  tliat  this  great  result  will  hereafter  be  at- 
tained. The  principles  upon  wliich  tliis  hope  rests  have  been  explained, 
for  the  mo3t  part,  in  the  preceding  Lectures. 

4°.  Kind  of  crop. — The  aniount  of  food,  either  for  man  or  beast, 
which  a  given  field  will  produce,  depends  considerably  upon  the  kind 
of  crop  which  is  raised.  Thus  a  crop  of  30  bushels  of  wheat  will  yield 
only  about  1400  lbs.  of  fine  flour,  while  a  crop  of  6  tons  of  potatoes  'will 
give  about  4400  lbs.  of  an  agreeable,  dry,  and  mealy  food.  Thus  the 
gross  weight  of  fixxl  for  man  is  in  the  one  case  three  times  what  it  is  in 
Uie  other.  So  it  is  said",  on  the  authority  of  the  Board  of  Agriculture, 
that  a  crop  of  clover,  of  tares,  of  rape,  of  potatoes,  turnips,  or  cabbages, 
will  furnish  at  least  thrice  as  much  food  for  cattle  as  one  of  pasture  grass 
of  medium  quality.* 

5**.  Variety  of  seed  smcn.— The  variety  of  seed  sown  has  also  an  im- 
portant influence  on  the  amount  of  prmluce  reaped.  I  need  not  refer  to 
tfie  well  known  necessity  of  changing  the  seed  if  the  same  land  is  to 
continue  to  yield  good  cmps — but  of  strange  seeds  of  tlie  same  species 
two  varieties  will  often  yield  very  unlike  weights  of  corn,  of  turnips,  or 
of  potatoes.  I  may  quote  as  an  illustration  tlie  experiments  of  Colonel 
lie  Couteur  upon  wheat.  He  found,  on  the  same  soil  and  under  the 
same  treatment,  that  the  varieties  known  by  the  name  of  the  White 
Downy  and  the  Jersey  Dantzic  ^aeldcd  respectively  : 

Grain.       Weleht  pr  bush.    Straw.  Fine  (lour.    Fine  do.  pr.ct 

White  Downy  -  48  bush.  62  lbs.  4557  lbs.  2402  lbs.  80?  lbs. 
Jersey  Dantzic  -  43Uush.  63  lbs.  4681  lbs.  2161  lbs.  79jlbs. 
while  on  a  different  soil  and  treated  diflerently  from  the  above,  two  other 

varieties  yielded —  . 

Grain.  Weight  pr  bash.  Straw.  Fine  flour.  Fine  do.  pr.ct 
Whittington,  -  -  -  33  hush.  61  lbs.  7786  lbs.  1464  lbs.  72ilbg. 
BelleVucTalavera,  -  52bush.     61  lbs.    5480  Ibe.    24851bs.|  78{lb8. 

*  lA)ndoa'M  Ihu^fdapmdia  of  J^ricuUure,  p.  9i0. 
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In  each  of  tliese  cases,  therefore,  and  espedally  in  the  last,  a  striking 
rliflTerence  present^  itself  both  in  the  absolute  and  in  the  relative  weights 
ot*  grain  and  of  straw  reaped  under  precisely  similar  circumstances,  by 
tlie  use  of  different  varieties  of  the  sam^  species  of  seed.  Nor  are  the 
above  by  any  means  extreme  cases.  In  the  same  field  I  have  known 
the  Oolden  Kent  and  the  Flanders  Red  varieties,  sown  in  the  same 
spring,  to  thrive  so  dilTerently,  that,  while  the  former  was  an  excellent 
crop,  the  latter  was  almost  a  total  failure.  It  will  require  a  very  refined 
chemistry  to  explain  the  cause  of  such  diversities  as  these. 

§  3.  lj\fiuenee  of  the  method  of  culture  upon  the  produce  of  food. 

In  addition  to  tlie  circumstances  above  alluded  to,  the  quantity  of  food 
tliat  is  raised  depends  very  much  upon  the  method  of  culture  which  is 
adopted.  Thus,  in  land  of  medium  quality,  our  opinion  in  regard  to  the 
quantity  of  food  it  is  likely  to  yield  would  be  greatly  affected  by  the 
answers  we  should  obtain  to  the  following  questions  ;— 

1°.  Is  the  land  in  permanent  pasture,  or  is  U  under  the  plough?'^ 
With  the  exception  of  rich  pasture,  it  is  said  that  land,  under  clover  or 
turnips,  will  produce  three  times  as  much  for  cattle  as  when  under  grass. 
If  such  a  green  crop  tlien  alternate  with  one  of  com,  the  land  would 
every  two  years  produce  as  much  food  for  stock  as  it  would  during  three 
years  if»lvmg  in  grass,  besides  the  crop  of  com  as  food  for  man,  and 
of  straw  for  the  production  of  manure. 

This  statement  may  possibly  be  a  little  exaggerated,  or  may  represent  (ra- 
ly  the  comparative  produce  of  food  in  special  cases  only— yet  there  seems 
sufficient  reason  for  believing,  as  a  general  nilc,  that  a  vexy  much  larger 
amount  of  food  may  be  reaped  from  land  under  arable  "culture,  than 
when  laid  away  to  permanent  pasture.  ^ 

2°.  What  kind  and  quality  of  manure  is  applied  7 — Every  practical 
man  knows  the  importance  of  manuring  his  land,  and  how  much  the 
abundance  of  every  crop  he  sows  depends  both  upon  the  quantity  and  upon 
the  kind  of  manure  he  is  able  to  add  to  it. 

3°.  In  what  ujay  is  it  applied  .'—But  much  depends  also  upon  the 
manner  in  wliich  the  manure  is  expended,  or  the  kind  of  crop  to  which 
it  is  applied. 

I  have  already  (p.  477)  directed  your  attention  to  the  loss  which  must 
necessarily  be  sustained  by  top-dressing  with  farm-yard  manure,  and  yet 
how  in  certain  modes  of  cropping  and  manuring  the  land,  it  may  be 
not  only  advisable  but  necessary  to  do  so.  Yet  the  comparative  return 
of  food  obtained  from  the  use  of  such  manure,  when  applied  as  a  top- 
dressing  to  grass  land  for  instance,  and  when  buried  with  the  turnip  crop 
in  the  usual  manner,  is  very  unlike. 

Thus,  suppose  an  acre  of  grass  land,  of  such  a  quality  as  to  produce 
annually  without  manure  1  j  tons  of  hay,  to  be  top-dressed  every  spring 
or  autumn  with  5  tons  of  farm-yard  manure  per  acre— and  suppose 
another  acre  of  the  same  land  in  arable  culture  to  be  manured  for  turnips 
with  20  tons  of  farm-yard  manure  at  once.  Then  the  grass  land,  by 
tlie  aid  of  ilie  manure,  would  not  produce  more  than  double  its  natural 
crop,  or  2J  tons  ah  acre,  tliat  is,  10  tons  of  hay  in  the  four  years.  This,  I 
believe,  is  making  a  large  allowance  for  the  effect  of  the  manure. 

But  the  arable  land,  in  the  four  years,  if  of  the  samo^i^ijl^,  may  be 
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expected  to  produce — turnips  20  tons,  barley  36  bushels,  clover  2J  tons, 
wheat  28  bushels ;  besides  upwards  of  4  tons  of  straw. 

In  all  lliese  taken  together  there  must  be  much  more  food  tlian  in  the 
ten  tons  of  hay. 

If  we  consider  the  money  profit,  however,  to  the  fanner,  the  result 
may  be  different.  The  cost  of  raising  the  ten  tons  of  hay,  exclusive  of 
rent,  may  be  reckoned  at  one-half  tlie  produce,  and  of  the  several  crops 
in  tlie  four  years*  rotation  at  three-(iuarters  of  the  produce :  we  thus 
have  for  tlie  clear  return- 
In  the  one  case,  half  the  produce— 5  tons  of  hay ; 
In  the  other  case,  a  fourth  of  the  produce—^  tons  of  turnipa,  9  busheln 
of  barley,  i  ton  of  clover,  7  bushels  of  wheat,  and  1  ton  of  straw. 

Let  the  clover  and  the  straw  together  equal  in  value  only  one  ton  of 
tlie  hay,  and  tlie  mosey  value  in  the  two  cases  will  stand  as  follows  ;•>• 
Hay,  4  tons,  at  c£5,  =  ,£20    0    0 

Turnips,  5  tons,  at  10s.  =  c£2  10  0 
Barley,  9  bush.,  at  4s.  =:  1  16  0 
Wheal,  7  bush.,  at    7s.   =r=     2       9    0 

6  16    0 


Leaving  a  gain  upon  the  grass  land  of  e£l3    5    0 
Or,  dC3.  6s.  an  acre  every  year. 

Thus,  though  more  food  is  raised  by  converting  the  land  to  amble 
purposes,  and  more  people  may  be  sustained  by  it,  yet  more  money 
may  be  made  by  meadowins  the  land'-^where  a  ready  market  exists 
far  tfie  hay^  wJtere  it  is  allowed  to  be  sold  off  thefarthy  and  where  abun" 
dance  of  manure  can  he  obtained  for  the  purpose  of  lop-dressing  the  grass 
every  year.  It  is  only  in  the  neighbourhood  of  large  towns,  however, 
that  cdl  these  circumstances  usually  co-exist,  and  hence  one  cause  of  the 
value  of  grass  land  in  such  localities. 

The  farmer,  however,  is  never  prohibited  from  selling  his  com  off  the 
farm,  or  his  fat  stock,  or  his  dairy  produce,  and  thus  at  a  distance  finom 
large  to^ns  he  must  turn  his  attention  solely  to  the  raising  of  one  or  otber 
of  these  kinds  of  produce. 

Of  the  two  ways  of  employing  his  grass  or  ^eeii  crope^in  reariog 
and  fattenins  cattle,  namely,  and  in  the  production  of  butter  and  cheese 
— ^we  shall  hereafter  see  reason  to  believe  that  theoretically  the  latter 
ought  both  to  be  the  most  profitable  in  money  to  the  farmer,  and  at  the 
8ame  time  to  produce  the  greatest  amount  of  food  for  man. 

3°.  What  rotation  or  course  of  cropping  is  adopted  ? — If  the  land  be 
cropped  with  corn,  year  after  year,  tne  produce  of  food  will  not  only  be 
less  than  if  an  alternate  husbandry  were  introduced— but  the  yearly  return 
of  corn,  even  on  the  richest  laocU  must  sooner  or  later  diminish,  till  at 
length  (he  crop  will  not  be  sufBcient  to  defray  the  expense  of  cultivation. 
The  tillage  of  such  land  must  then  be  abandoned,  and  it  must  be  left  to 
a  slow  process  of  natural  restoration.  No  arable  land  will  produce  so 
much  food  if  year  by  year  it  be  made  to  raise  the  same  crop,  as  if  the 
crop  be  varied— and  especially  as  if  com,  root,  and  leguminous  crops  be 
made  to  succeed  each  other  in  a  skilful  alternation. 

Upon  the  introduction  of  the  alternate  husbandry,  it  was  found  that 
upon  lands  formerly  in  pasture,  not  only  could  one-iiiird  more  stock  be 
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kept  eontiiiiiooaly  than  before,  buttliat  in  addition  a  crop  of  com  could  be 
reaped  evezy  second  ye^ur.  On  the  other  haod,  those  which  had  been 
cropped  withcorn  alone,  or  which  after  two  white  crops  had  usually  been 
left  to  naked  fallow,  yielded  more  com  in  a  given  number  of  years  than 
befbre,  while  a  cieen  crop  every  second  year  was  raised  on  them  besides. 
It  cannot  be  douiyted,  therefore,  that  a  change  of  cropping  influences,  in 
a  great  degree,  the  amount  of  food  which  the  same  piece  of  land  is  fitted 
to  produce. 

§  4.  Of  the  theory  of  the  rotatian  of  crops. 

Upon  what  principles  do  the  beneficial  effects  of  this  change  of  crop- 
ping depend  ?     What  is  the  true  theory  of  a  rotation  of  crops  I 

It  was  supposed  by  Decandolle — 

1^.  That  the  roots  of  all  plants  gave  out  or  excreted  certain  substan- 
ces peculiar  to  themselves — and, 

2^.  That  these  substances  were  unfavourable  to  the  growth  of  those 
plants  from  the  roots  of  which  they  came,  but  were  capable  of  promo- 
ting the  growth  of  plants  of  other  species— that  the  excretions  of  one 
species  were  poisonous  to  itself,  but  nutritive  to  other  species. 

Upon  these  suppositions  he  explained  in  a  beautiful  and  apparently 
simple  and  convincing  manner  the  beneficial  efTects  of  a  rotation  or  al- 
ternation of  difierent  crops.  If  wheat  refused  to  grow  after  wheat,  it  was 
because  the  first  crop  had  poisoned  the  land  to  plants  of  its  own  kind. 
If  ^fter  an  intervening  naked  fallow  a  second  wheat  crop  could  be  safely 
grown,  it  was  because  during  the  year  of  rest  the  poisonous  matter  had 
ume  to  decompose  and  become  again  fitted  to  feed  the  new  crop.  And 
if,  after  beans  or  turnips,  wheat  grew  well,  it  was  because  the  excretions  of 
these  plants  were  agreeable  to  the  young  wheat,  and  fitted  to  promote 
its  ffrowth. 

Thus  easily  explained  were  the  benefits  both  of  a  rotation  of  crops 
and  of  naked  and  other  fallows — and  supported  at  once  by  its  own  beauty 
and  by  the  great  name  of  Decandolie,  this  explanation  obtained  for 
many  years  an  almost  universal  reception. 

But  though  there  seems  reason  enough  for  believing  (p.  82)  that  the 
roots  of  plants  really  do  give  out  certain  substances  into  the  soil— there  is 
no  evidence  that  these  excretions  take  place  to  the  extent  which  the 
theory  of  Decandolle  would  imply**none  of  a  satisfactory  kind  that 
they  are  noxious  to  the  plants  from  which  they  are  excreted*— and  none 
that  they  are  especially  nutritive  to  plants  of  other  species.  Being  un- 
supported by  decisive  facts  and  observations  therefore,  the  hypothesis  of 
Decandolle  must,  for  the  present,  be  in  a  great  measure  laid  aside,  and  we 
must  look  to  some  other  quarter  for  a  more  satisfactory  theory  of  rotation. 

The  true  general  reason  why  a  second  or  third  crop  of  the  same  kind 
will  not  grow  tvell,  is— not  that  the  soil  contains  too  much  of  any,  but  that 
it  contains  too  Utile  of  one  or  more  kinds  of  matter.  If,  after  roanurinf, 
turnips  erow  luxuriantly,  it  is  because  the  soil  has  been  enriched  wifli 
all  that  the  crop  re<juires.  If  a  healtliy  barley  crop  follow  the  tumipe, 
it  is  because  the  sod  still  contains  all  the  footl  of  this  new  plant.  If 
ckiver  thrive  after  this,  it  is  because  it  naturally  requires  certain  other 
kinds  of  nourishment  which  neither  of  the  former  crops  has  exhausted. 
If,  agam,  luxunant  wheat  succeeds,  it  is  because  the  soil  abounds  still  in 

uiguizeu  oy  >^j  vy  vy-ii  i\^ 

•  8m  pa(«  81,  note.  ^ 
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ail  that  the  wheat  crop  needs— the  faiHog  vegetable  and  other  matters  of 
the  surface  beiog  increased  and  renewed  by  the  enriching  roots  of  the 
preceding  clover.  And  if  now,  turnips  refoae  again  to  give  a  fair  re- 
turUf  it  is  because  you  have  not  added  to  the  soil  a  fresh  supply  of  that 
manure  without  which  they  cannot  thrive.  Add  the  manure,  and  the 
same  rotation  of  crops  may  again  ensue. 

We  have  already  had  frequent  occasion,  in  studying  the  inorganic 
constituents  of  plants,  to  observe  that  difierent  species  require  very  un- 
like proportions  of  the  several  kinds  of  inorganic  food  which  they  derive 
from  the  soil.  Some  require  a  large  proportion  of  one  kind,  some  of 
anorher  kind.  If  a  soil,  therefore,  abound  especially  in  one  of  these  va- 
rieties of  inorganic  food,  one  kind  of  plant  will  especially  flourish  upon 
it— while,  if  it  be  greatly  deficient  in  another  substance,  a  second  plant 
will  remarkably  langmah  upon  it.  If  it  abound  in  both  substances,  then 
either  crop  will  succeed  wluch  we  may  choose  to  sow,  or  they  may  be 
alternately  cultivated  with  a  fair  return  from  each. 

Upon  this  principle  the  true  general  explanation  of  the  benefit  of  a 
rotation  of  crops  appears  to  depend.  There  may  be  special  cases  in 
which  peculiar  qualities  of  soil  or  climate  may  intervene  and  give  rise 
to  appearances,  or  cause  results  to  wliich  this  principle  does  not  apply, 
but  for  the  general  practice  it  seems  to  afibard  a  satisfactory  explanation. 

It  may  be  said  that  tliLs  explanation  seems  to  imply  that  the  same 
kind  of  crop  maybe  leaped  from  the  same  soil  for  an  indefinite  number  of 
years,  by  simply  adding  to  it  what  the  crop  carries  off*.  This  is  certain- 
ly implied  in  the  principle*«and  if  toe  knew  exactly  what  to  add  for  each 
crop,  we  might  possibly  attain  this  result,  except  in  cases  where  the  soil 
tmuergoes  some  gradual  chemical  alteration  within  itself,  which  it  may 
require  a  change  of  treatment  to  counteract.  At  all  events  it  does  not 
seem  impossible  to  obtain  crop  after  crop  of  the  same  kind — ^and  we  may 
hope  hereafter  not  only  to  be  able  to  etiect  this,  but  to  do  it  in  a  suM- 
ciently  economical  manner. 

Two  pmctical  rules  are  suggested  by  the  fact  that  different  plants  require 
difierent  substances  to  abound  in  a  soil  in  which  they  shall  be  capable  of 
flourishing. 

1°.  To  grow  alternately  as  many  different  classes  cr  families  of  plants 
as  possible — ^repeatingeach  class  at  the  greatest  convenient  distance  or  time. 

In  this  country  we  grow  chiefly  root  crops,— com  plants  ripened  for 
seed,— -leguminous  plants  sometimes  for  seed  (peas  and  beans^,  and 
sometimes  for  hay  or  fodder  (ctover  and  lares), — and  grasses,  and  these 
in  alternate  years.  Every  four,  five,  or  six  years,  therefore,  the  culture 
of  the  same  class  of  plants  comes  round  again,  and  a  demand  is  made 
upon  the  soil  for  the  same  kinds  of  food  in  the  same  proportion. 

In  other  countries — tobacco—flax — rape,  poppy  or  madia,  cultivated  for 
their  oily  seeds— or  beet  for  its  sugar,  can  be  cultivated  with  profit,  and 
being  interposed  among  the  other  crops,  they  make  tlie  return  of  each 
class  of  plants  more  distant.  A  perfect  rotation  would  include  all  those 
classes  of  plants  which  the  soil,  climate,  and  other  circumstances  allow 
to  be  cultivated  with  a  profit. 

2^.  A  second  rule  is  to  repeat  the  same  species  of  plant  at  the  greatest 
convenient  distance  of  time.  In  com  crops  there  is  not  much  choice, 
aince  in  a  four  years'  course  two  com  crops,  out  of  the  three  (barley, 


4(M  WHY  uatB  wmo^ian  ci.ortti-«tcK« 

-nrhoitt,  oato)  nmatty  gnmn,  moat  be  nittd.  B«t  of  the  jymiipoaa 
eiops  we  have  the  choice  of  beans,  peaa»  vetches,  and  clovcr-of  root 
ciope,  turoiiM,  canolB,  beeta.  and  potatoes— whUe  of  grasaw,  there  is  a 
sieat  variety.  Instead,  tberefbre,  of  a  constant  lepetuion  of  Ae  tnmip 
every  four  yean,  theory  says— make  the  carrot  or  the  potatoe  take  its 
pace  now  and  then,  and  instead  of  perpetual  clover,  let  tares  or  beans* 
or  peas,  occasionally  succeed  to  your  crops  of  com.  Tl»  land  loves  a 
chance  of  crop,  because  it  is  better  prepared  with  that  food  whidi  the 
newcropwiU  relish,  than  with  such  as  the  plant  k  has  kmg  fed  before 

continues  to  require.  .^^^_    _* 

It  is  for  this  reason  that  new  species  of  crop,  or  new  vwietiea,  vnien 
fiist  introduced,  succeed  remaikably  for  a  time,  and  give  great  and  en- 
couraging returns.  But  they  are  continued  too  kng— till  the  soil  has 
been  exhausted  in  some  degree  of  those  substances  in  which  the  new 
crops  delighted.  They  cease  in  consequence  to  yield  as  before,  atld  fell 
into  undeserved  disrepute.  Give  them  a  proper  place  in  a  long  rotation, 
and  they  will  not  disappoint  you. 

It  is  constant  variety  of  cropsi  which,  with  rich  manuring,  makes  our 
market  gardens  so  productive— and  it  is  the  possibility  of  growing  in  the 
fields  many  different  crops  in  succession,  that  gives  the  fertility  of  a  gar- 
den to  parts  of  Italy,  Flanders,  and  China.* 

§  5.  Why  land  becomes  tired  of  clover  (dovcr-tick). 

What  I  have  said  of  the  general  principle  might  be  snnpoeed  to 
explain  fuUy  why  crops  fail  at  one  time  and  succeed  at  another— why 
the  soil  will  nourish  one  plant  well,  while  it  is  unable  adequately  to  ans- 
tain  anodier.  But  a  brief  reference  to  the  case  of  the  clover  plant  wiU 
enable  us  to  see  how  modes  o£  culture,  apparently  skilful  and  generous, 
may  yet  be  of  such  a  kind  as  to  lead,  sooner  or  utter,  to  the  inevitable 
failure  of  a  particular  crop. 

It  is  known  that  upon  many  well  cultivated  farms  the  lands  become 
now  and  then  tired  or  sick  of  cbver,  and  this  crop  failing,  ^e  wheat 
which  succeeds  it  in  a  great  measure  fails  also.  It  may  be  said  that  the 
soil  in  such  a  case  is  in  want  of  something,  and  so  it  is,— but  how  does 
this  deficiency  of  supply  arise  ?  The  land  is  skilfully  managed  and 
has  been  well  manured,  and  the  failure  of  the  ck)ver  crop  is,  therefore,  a 
matter  of  surprise. 

If  farm-yaid  manure  be  copiously  applied  previous  to  the  root  crop, 
the  land  has  received  a  certain  more  or  less  abundant  return  of  ail  thde 
st^gtances  which  the  last  rotation  of  crops  had  carried  off  from  tf,— -and 
which  the  new  rotation  will  require  for  food.  When  the  clover  comes 
round,  therefore,  a  supply  of  proper  food  is  ready  for  it,  as  well  as  for 
the  wheat  which  is  to  follow. 

But  if  ihe  turnip  crop  be  raised  by  means  of  bones  only,  the  lime 

'  A  method  of  anpeneding  tn  «ome  measure  the  neceeaitr  of  a  rotation  of  eroM  It  do- 
•crfbed  by  Mr.  Jamea  Wilson  as  lon«  pracltaed  fn  Shetland,  in  the  nelghbotirhood  of  Ler- 
wick. **  It  is  known  tiiat  bear  has  been  grown  in  the  same  patch  (or  perhaps  100  yean  ne- 
cesslrely,  and  this  ther  managed  by  scsilfyinir  other  partM  of  the  ground  (the  ott^flold  poiw 
tjonx  and  renovating  the  arable  patch  by  spreading  ft  over  the  snrfice."  Thte  was  vmrrinc 
the  son  instead  of  the  crop.  A  five  years' rouUon,  however,  is  now  gelilnff  Into  favour*  and 
IIli.*irtr*C  P'^^i***\*"!I  J™'"i'  *•  '°""'*  ^  *»«  increased  by  It  four-fold.  In  this  dialflot 
=wltoSv?"tt'!^'S?J^^^  lel.al20..«.cw. 
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and  phosphoric  acid  which  the  earth  of  bones  oontains  ai«  almost  Ihe  only 
kinds  of  inorganic  f  x)d  required  by  plants  that  are  returned  to  the  em. 
By  the  aid  of  the  animal  matter  and  the  small  supply  of  orher  substances 
in  the  bones,*  good  crops — and  especially  tlie  turnips  and  the  com  which 
immediately  follows  them^may  be  raised  for  a  few  mtations,  but  at 
every  return  the  clover  and  wheat  will  become  more  unhealthy,  till  they 
at  length  appear  to  sicken  upon  the  land.  Neither  bones  nor  rape-dust 
nor  any  such  single  substance  can  replace  farm-yaid  manure  for  an  in- 
definlie  period,  because  it  does  not  contain  all  the  substances  which  the 
entire  rotation  of  crops  requires. 

If  wood-ashes  be  used  along  with  the  bones,  the  bad  eflfects  I  have  des- 
cribed will  be  much  longer  delayed— they  may  even  be  delayed  indefi- 
nitely, since  wood-ashes  are  said  to  be  especially  favourable  to  the  growth 
of  clover  and  other  leguminous  plants,  (p.  353),  and  this  because  they 
contain  those  substances  which  the  clovers  require. 

It  thus  appears,  therefore,  that  while  the  failiire,  upon  a  given  spot,  of 
a  crop  which  formerly  grew  well  there,  is  explained  generally  upon  the 
principle  that  the  soil  has  become  deficient  in  something  which  the  crop 
requires—- the  cause  of  this  deficiency  may  not  unfrequently  be  found  in 
the  mode  of  culture,  or  in  the  species  of  manuring  which  the  land  has 
received.  The  cause  being  discovered,  the  remedy  is  easy.  Cease  to 
employ  exclusively  the  manure  with  which  your  land  has  hitherto  been 
dressed.  Mix  your  bones  or  rape-dust  witfi  wood-ashes,  with  gypsum, 
or  with  other  portable  manures  in  which  the  necessary  food  of  your 
crops  is  present — or  employ  farm-yanl  manure  now  and  tlien  in  their 
stead,  and  you  will  apply  the  npst  likely  remedy.  Unless  this  be  done, 
it  will  be  of  comparatively  little  service  to  vary  the  species,— to  substi- 
tute tares  or  beans  for  the  clover,*-6ince  these  also  will  refhse  to  grow 
while  the  same  incorrect  system  of  manuring  is  persisted  in. 

I  have  already  drawn  your  attention  (p.  477}  to  the  falling  of  the 
clover  crops  in  certain  parts  of  Staflbrdshire,  where  the  turnips  are 
raised  by  means  of  rape-dust — and  of  the  mode  of  improving  them  by  a 
top-dressing  of  farm-yard  manure.  Were  this  manure  laid  in  with  the 
turnips,  the  after  top-dressing  would  most  probably  not  be  required. 

^6,  Of  (he  theory  offallawa. 

By  fallowing,  it  has  been  knowi)  in  all  ages  that  the  produce  of  the 
land  was  capable  of  being  increased.  How  is  this  increase  to  be  ac- 
counted for?  We  speak  of  leaving  the  land  to  rest,  but  it  can  never 
really  become  wearied  of  bearing  crops.  It  cannot,  through  fatigue,  lie 
in  need  of  repose.  In  what,  then,  does  the  efficacy  of  naked  fallowing 
consist? 

1°.  In  strong  clay  lands  oqe  great  benefit  derived  from  a  naked  fallow 
is  the  opportunity  it  affords  for  kee}nng  the  land  clean.  In  such  soils  it 
IB  believed  by  many  that  weeds  cannot  possibly  be  extirpated  without  an 
occasional  fallow.  It  is  certain  that  naked  fallows  are  had  recourse  to 
in  many  places  for  the  purpose  of  cleaning  the  land,  where  if  it  could 
easily  have  been  kept  so  by  other  means  they  would  not  have  been 
adopted.  Is  it  not  the  case  on  some  forms  that  a  neglect  of  other  avail- 
able methodf  of  extirpating  weeds  has  rendered  necessary  the 
*  For  tbe  composition  orbonei,  see  pagt  446.-' ^^^5  ^"^ 
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ofa  naked  faUow,  whOa  oo  sunilar  farms  in  the  same  neighbooifaood 

they  can  easily  be  dispensed  with  ? 

8°.  In  a  naked  fiilk>w,  where  the  seeds  are  allowed  to  spiout,  and 
young  plants  to  shoot  up,  wliich  are  afterwards  ploughed  in,  the  land  is 
enriched  by  a  s;reen  manuring  of  greater  or  less  extent.  If  weeds  abound, 
the  enrichmg  is  the  greater— -if  they  are  more  scanty,  it  is  less—but  in 
almost  every  instance  where  land  lies  without  an  aitificial  crop  duixns 
the  whole  summer,  a  crop  of  natural  herbage  springs  up,  the  burying  or 
which  in  the  soil  must  be  productive  of  considerable  good. 

3°.  When  land  is  assiduously  cropped,  tlie  surface  in  which  the  roots 
chiefly  extend  themselves  becomes  especially  exhausted.  In  indiflfer- 
ently  worked  land  some  parts  of  this  surface  may  be  more  exhausted  than 
others.  By  leaving  such  soils  to  tliemselves,  the  rains  that  fall  and  more 
or  less  circulate  through  them  equalize  the  condition  of  the  whole  sur- 
face soil — ^in  so  far  as  the  soluble  substances  ii  contains  are  concerned. 
The  water  also,  which  in  dry  weather  ascends  from  beneath,  brings 
with  it  saline  and  other  soluble  compounds,  and  imparts  them  to  the  up- 
per layers  of  the  soil.  Thus,  by  lyin^  fallow,  the  land,  becomes  equa- 
bly furnished  over  its  whole  surface  with  all  those  substances  required  by 
plants  which  are  anywhere  to  be  found  in  it.  The  roots  of  the  crop, 
therefore,  can  more  readily  procure  them,  and  thus  the  plants  more 
readily  wad  more  quickly  grow.  In  some  cases,  this  beneficial  action  of 
the  naked  fallow  mil,  to  a  certain  exUntj  make  up  for  shallow  ploughing^ 
and  for  inaiifficienl  working  of  the  land. 

4^.  It  is  known  that  the  subsoil  in  many  places  is  of  such  a  nature 
that  it  must  be  tiu'ned  up  to  the  surface,  and  exposed  for  a  considerable 
period  to  the  action  of  the  air,  before  4t  can  be  safely  mixed  with  the  sur- 
face soil.  To  a  less  degree  stiff  clay  lands  acquire  this  noxious  quaHw^ 
during  the  ordinary  course  of  cropping.  Air  and  water  do  not  find  their 
way  through  them  in  sufficient  qiiantity  to  retain  them  in  a  healthy 
condition,  and  thus  they  require  an  occasional  fallow  with  rejieated 
ploughings,  that  the  air  and  the  rains  may  have  access  to  their  inner- 
most parts.  I  do  not  detail  the  specific  chemical  changes  wliich  are  in- 
duced by  this  exposure  to  the  air  and  rain ;  it  is  sufficient  that  they  are 
of  a  kind  to  render  the  soil  more  propitious  to  the  growth  of  crops,  to 
satisfy  us  that,  upon  very  stifl^lands,  one  of  the  benefits  of  fallowing  is  to 
be  thus  accounted  for. 

We  have  seen  that  one  of  the  important  benefits  of  dralhing  is  the 
permeability  it  imparts  to  the  soil.  The  surface  water  is  permitted  to 
escape  downwards,  and  as  it  sinks  lo  the  drain  the  air  follows  it,  so  that 
the  very  deepest  part  of  the  soil  from  which  die  water  runs  ot£y  is  ren- 
dered wholesome  by  the  frequent  admission  of  new  supplies  of  atmos- 
pheric air. 

It  thus  appears  that  in  a  certain  sense  draining  and  fallowing  may 
take  the  place  of  each  o<ft«r— that  where  (here  is  no  drainage,  f)dlowing 
is  more  necessary  and  will  partially  supply  its  place,  and  tliat  where  a 
good  drainage  exists,  the  use  of  naked  faUows  even  upon  stiflfclay  kmds 
becomes  less  necessary. 

6°.  I  have  already  had  occasion  to  speak  of  the  existence  of  orcamc 
(ammal  and  vegetable)  matter  m  the  soU,  in  a  so-caUed  ineH  state-a 
state  m  which  it  undergoes  decay  very  slowly,  and  tluis  only  in  a  small 
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degree  diteharges  those  functions  for  which  vegetable  matter  in  the  eoilk 
specially  destined.  In  stiff  clays  also,  the  roots  of  plants,  without  actu- 
ally attaining  this  inert  stale,  yet  decay  with  extreme  slowness  in  conse- 
quence of  their  being  so  completely  sealed  up  from  the  access  of  the  air. 
In  both  ^aees  the  frequent  and  prolonged  exposure  which  a  naked  fallow 
occasions,  induces  a  more  rapid  decay  of  this  vegetable  matter,  or  brings 
it  into  a  state  in  which  its  elements  more  readily  assume  those  new 
forms  of  combination  which  are  capable  of  ministering  to  the  sustenance 
and  growth  of  plants. 

Among  the  other  compounds  which  are  produced  (p.  161)  dtmng  this 
prolonged  exposure  and  more  rapid  decay  of  the  oiganic  matter  of  the 
soil,  nitric  acid  is  one  which  appears  to  exercise  a  considerable  in- 
fluence upon  the  future  fertility  of  the  land.  The  favourable  action  of 
the  nitrates  in  promoting  vegetable  growth  is  now  well  known,  and 
the  more  rapid  formation  of  these  compounds,  when  the  land  lies  na- 
ked to  the  action  of  the  sun  and  air,  must  not  be  neglected  among  the 
fertilizing  influences  of  the  summer  fallow. 

G°.  The  soil,  besides  the  clay,  (quartz'^  sand  and  lime  of  which  it 
chiefly  consists,  contains  also  fragments  of  mineral  substances  of  a  com- 
pound nature—of  felspar,  of  mica,  of  horablende-«^f  those  minerals 
which  constitute  or  which  occur  in  the  granitic  and  trap  rocks.  These 
slowly  decompose  in  the  soil— more  rapidly  also  the  more  freely  they 
are  exposed  to  the  air-— and  the  substances  (potash,  soda,  lime,  magne- 
sia, silica,  &c.*)  which  they  contain,  are  by  this  decomposition  difl'used 
more  equably  and  brought  within  the  more  easy  reach  of  the  roots  of 
plants.  When  these  minerals,  therefore,  exist  in  the  soil,  and  when 
their  constituents  are  of  such  a  kind  as  to  favour  the  growth  of  any  given 
plant,  the  eSect  of  a  naked  fallow  being  to  produce  an  accumulation  of 
their  constituent  substances  in  the  soil,  it  will  be  so  far  favourable  in  pre- 
paring the  land  for  an  after-crop  of  that  particular  species  of  plant. 
You  are  not  to  be  misled,  however,  by  any  broad  and  unguarded  state- 
ments of  scientific  men,  so  as  to  imagine  lor  a  moment  that  the  benefi- 
cial efTects  of  fallowing  in  any  case  are  to  be  solely  ascribed  to  the  oper- 
ation of  this  one  cause.f 

7°.  The  rains  bring  down  upon  every  soil  periodical  supplies  of  ad 
those  saline  substances— common  salt,  gypsum,  salts  of  lime,  of  mag- 
nesia, and  of  potash  in  minute  quantity—which  exist  in  the  sea,  and  of 
nitrate  of  ammonia,  produced  or  present  in  the  air.  If  any  soil  be  defi- 
cient in  these,  dien  a  year's  rest  from  cropi)ing,  by  allowing  them  to  ac- 
cumulate, may  cause  the  succeeding  herbage  to  exliibit  a  more  luxuriant 
growth. 

8°.  Tlie  same  remark  applies  to  soils  into  which  springs  from  beneath 
bring  up  variable  quantities  of  lime  and  other  substances  which  the  wa- 
tcrsjhold  in  solution.  Such  springs  are,  no  doubt,  of  much  benefit  in 
some  districts,  and  when  the  supply  they  convey  is  scanty,  a  year's 
accumulation  may  impart  additional  fertility  to  the  fallowed  land. 

9°.  Besides  that  beneficial  action  of  the  air  to  wliich  I  have  already 
adverted  (4<'  and  5^),  and  which  is  to  be  ascribed  mainly  to  the  influ- 

*  For  the  eonaCilaUoii  of  theae  mineni  sobituiee*,  see  pp.  267  to  200. 
t  FkHowis  the  tann  tppUed  to  lend  It  ft  at  rmi  for  further  disi7U€gration.--J.lti^*B  Orgmh 
OvnitiryapplMitJ^rieiiUunifP.  U9,  ugizeuDy  ^w^.^iv^ 
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enee  of  the  Ofxycen  it  eontains— the  expoeoie  of  the  naked  toil  to  the  at- 
mospbere  for  a  length  of  time  le  said  by  some  to  be  piodoctiTeof  anocber 
good  efieet.  The  atmosphere  contains  a  small  and  variable  portion  of 
ammoiitm  (p.  156).  Of  this  ammonia,  a  portion  is  brought  down  by  the 
rains  axd  a  portion  is  probably  absorbed  by  the  leaves  oc  plants  as  they 
spread  diemselves  through  die  air.  But  the  clay,  the  oxide  of  iront  and 
the  organic  matter  of  the  soil  are  supposed  also  to  have  the  power  of 
extracting  this  ammonia  fiom  the  atmosphere  and  retaining  it  in  thdr 
pores.  If  so,  the  more  the  soil  is  exposed,  and  for  the  Icmger  period 
to  the  air,  the  more  of  this  substance  will  it  extract  and  absorb.  If 
turned  over  by  ftemient  ploughing,  it  will  be  able  to  drink  it  in  more 
abundantly,  mm  tne greater  surface  it  can  present  to  the  {Missing  winds; 
and  if,  besuies,  it  be  kept  naked  for  an  entire  year,  a  still  larger  accumu- 
lation  must  take  place«  And  as  this  ammonia  is  known  in  many  cases 
to  be  favourable  in  a  high  degree  to  tlie  growth  of  plants,  it  is  not  un- 
reasonable to  believe  that  tf  thus  absorbed  in  auantUyfrom  ike  avr,  it  should 
be  one  source  at  least  of  tne  augmented  fertility  of  fallowed  land. 

To  one  or  other— or  to  all  of  uiese  causes  combined— <he  acknowledged 
benefit  of  naked  fallows  is  in  a  great  degree  to  be  ascribed. 

Of  men  or  fallow  crops  litde  need  be  said  in  addition  to  what  I  have 
already  laid  before  you  m  reference  to  the  rotation  of  crops.  The  green 
crop  demands  a  comparatively  small  supply  only  of  those  inorganic  sub- 
stances which  the  com  crops  specially  require.  During  its  growth, 
therefore,  these  latter  accumulate  in  the  same  way,  though  in  a  some- 
what less  degree  than  during  a  naked  fallow.  But  the  additiimal  vege- 
table matter  and  manure  which  the  green  crops  introduce  into  the  soil, 
and  the  large  supplies  of  inorganic  matter  which  such  of  them  as  are 
deep-rooted  bring  up  from  beneath,  amply  compensate  for  any  diminu- 
tion they  may  cause  in  the  benefits  which  are  usually  derived  from  the 
naked  fallow. 

§  7.  Qf  wheat  and  wheaten  fiour. 

The  grain  of  wheat  in  the  hands  of  the  miller  is  readily  separated  into 
two  portions—the  husk,  which  forms  the  bran,  and  the  greater  portion 
of  the  pollard — ^and  the  kernel,  which,  when  ground,  forms  the  wheaten 
flour.  The  relative  weights  of  these  two  parts  vary  very  much.  Some 
varieties  of  grain  are  much  smoother,  more  transparent,  and  thinner 
skinned  than  others,  and  yield  in  consequence  a  larger  return  of  the 
finest  flour.  In  cood  wheat  the  husk  amounts  to  14  or  16  percent,  of 
the  whole  weight*— though  the  quantity  separated  by  the  miller  is 
sometimes  not  more  than  Jth  (or  11  per  cent.)  of  the  weight  of  the 
wheat.  In  making  the  fine  white  flour  of  the  metropolis  and  other 
larse  towns,  about  |th  of  the  whole  is  separated  in  the  form  of  pollard 
and  bran.    The  proportion  of  the  husk  that  can  be  sifted  out  at  the  mill 

*  BouMioffolt  foond  «8  BMMh  M  86X  per  ceor.  of  hodc  on  a  winter  wbeftt  otowb  in  tbe 
botanie  garden  of  Parle.  Three  lou  of  good  Eoglieh  wheat,  grocnd  at  Mr.  Robwm'a  mill  la 
Darham,  fare  per  cent  reapectlTely— 

Pfnelloar 74-2  76-1  779 

BoxlnfB 9-0  83  61 

Bbarpa 6-8  6-6  6-6 

Bran 7-8  70  6-9 

Waete 8^  8-0  sl 

100  lOU  HO     ooIp 
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depeods  considerably  upon  the  hardness  of  the  grain.  From  snch  as  is 
soft  it  peels  ofi'in  flakes  under  the  stones,  whereas,  when  the  grain  and 
husk  are  flinty,  much  of  the  latter  is  crushed  and  ground— 4u]ding  to  the 
weieht  of  the  flour,  but  giving  it  a  darker  colour,  and  lowering  its  quality. 

The  country  millers  generally  separate  tlieir  wheaten  flour  by  sifting 
into  four  parts  only—- fine  flour,  boxings,  sharps  or  pollard,  and  bran. 
In  London  and  Paris  no  less  than  six  or  seven  qualities  are  manufac* 
tured  and  sold  by  the  millers.*  The  value  of  the  wheat  to  the  miUer 
depends  very  much  upon  the  quantity  of  fine  flour  it  will  yield,  though 
he  cannot  always  judge  accurately  of  this  point  by  simple  inspection. 

The  experimeutal  wheats  of  Mr.  Burnet,  of  Gadgirth,f  raised  all  from 
the  same  seed  differently  manured,  gave  respectively  54f,  63  S  65|, 
66^,  68|,  and  76|  lbs.  of  fine  flour  from  100  of  wheat,  so  that  the  kind 
of  manure  applied  to  the  land  appears  materially  to  aflect  the  relative 
l>roportions  of  flour  and  bran. 

Again,  Colonel  le  Couteur's  samples  of  wheat  (p.489)  of  diflerent  va- 
rieties, grown  under  the  same  circumstances,  gave  from  one  field  60| 
and  79f  lbs.,  and  from  another  72|  and  78J  lbs.  from  100  of  wheat— so 
that  upon  the  variety  of  seed  sown  also,  though  in  a  less  degree,  the  quan- 
tity of  fine  flour  is  dependent. 

^8.  Of  the  composition  of  wheaten  fiour, 
1^.  VFoter.^When  wheat  is  kept  for  ayear  it  loses  a  little  water,  be- 
coming one  or  two  pounds  a  bushel  heavier  than  before.  When  put  into 
the  mUi  and  ground  it  becomes  very  hot,  and  gives  oft*  so  much  watery 
vapour,  that  the  flour  and  bran,  thoueh  together  nearly  twice  as  bulky, 
are  neariy  3  per  cent,  lighter  than  the  grain  before  it  was  ground.  A 
further  loss  of  weight  is  said  to  take  place  when  the  flour  is  kept  lonff  in 
the  sack.  If  fine  flour  be  slowly  heated  to  a  temperature  not  higoer 
than  220  for  several  hours,  it  loses  a  quantity  of  water,  which,  in  up- 
wards of  20  samples  of  English  flour  which  I  have  examined,  has  varied 
from  16  to  17  per  cent,  of  the  whole  weieht.  It  may,  therefore,  be  as- 
sumed, that  English  flour  contains  nearly  a  sixth  part  of  its  weight  of 
water— or  every  six  pounds  of  fine  flour  comain  neariy  one  pound  of 
water. 

^.  Olulen,  albumen,  caseine,  starch,  fum,  and  sugar.-^When  the 
flour  of  wheat  is  made  into  dough,  and  is  then  washed  carefully  with 
successive  portions  of  water  upon  a  fine  gauze  or  hair  sieve,  as  long  as 
the  liquid  passes  through  milky,  the  flour  is  separated  into  tvvo  lortions— 
the  starch,  which  subsides  from  the  water,  and  the  gluten,  which  remains 
in  the  sieve  (p.  116).  If  the  water  l»e  poured  oflT,  after  the  starch  has 
subflided,  and  be  heated  nearly  to  boiling,  it  becomes  troubled,  and  flakes 
of  vegetable  albumen  (p.  117)  are  seen  to  float  in  it.    On  setting  aside  to 

t  *  Th0M  sn  called  reapecUTel?  to  London  and  Fkrto— 

Lnuion.  Pari*.                      Catttd. 

Fine  flour.  White  floan,  lit  qaalltjr,  de  \>l€. 

Seconds.  do.          2d     do.     de  U  groan. 

Floe  middling  do.          ad     do.     de2«fnmu. 

Coaree  middlima.  Brown  neale,  4th    do.     de3«gniau. 

Pollard.  do.           6th    do.     de4*Kruau. 

Twentypenny.  Dran,  fine  and  coarse. 

Bran  Waste,  Ac.,  Remoulafo  and  Reeoupe. 


t  rage  362,  and  Appendix,  pp. «  and  m  ,  y,  ,,,„  „y  ^  v.OgI 
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cool,  the  flaky  powder  fallB  to  the  bottom,  and  inay  be  eollectedt  dzied, 
and  weighed.  If  the  water,  afler  filtration,  be  evaporated  to  dryness  on 
the  water  bath,  a  residue  will  be  obtained,  which  consists  chiefly  of  solu- 
ble sugar,  gum,  and  saline  matter,  with  a  little  &tty  matter,  andspaiiiigly 
soluble  casdne*  (p.  117). 

3°.  Glutine  and  oil. — If,  further,  the  crude  gluten  be  boiled  in  alco- 
hol, a  solution  is  obtained  which,  on  cooling,  deposits  a  white  flocky  sub- 
stance, having  much  resemblance  to  easeme,  W  hen  the  clear  soluticn  is 
concentrated  by  evaporation,  water  separates  from  it  an  adhesive  mass, 
which  consists  of  a  substance  to  which  the  name  of  glutine  is  given, 
mixed  with  a  little  oil.  By  digesting  the  mixed  mass  in  ether  the  oil  is 
dissolved  out  from  the  glutine,  and  may  be  obtained  in  a  pure  state  by 
evaporating  the  ethereal  solution.  This  oil  possesses  the  general  pro- 
perties of  me  fatty  oils,  or  of  butter.  As  it  is  partly  wash^  out,  bow- 
ever,  along  with  the  starch,  the  whole  of  the  fatty  matter  of  the  flour  is 
best  obtained  by  boiling  it  in  a  considerable  quantity  of  ether. 

4^.  VegetaUe  fihrine. — The  crude  gluten,  af\er  boiling  in  alcohol,  has 
much  resemblance  to  the  fibre  of  lean  beef,  and  has  therefore  been  named 
vegetable  tibrine.  When  burned,  it  leaves  behind  an  ash,  containing, 
among  other  substances,  the  phosphates  of  lime  and  magnesia,  whidi 
are  to  be  considered  also  as  among  tlie  usual  constituents  of  wheaten 
flour,  t 

Thus,  fine  wheaten  flour,  in  addition  to  the  water  it  contains,  and  to 
the  small  quantity  of  bran  which  is  ground  up  akmg  with  it,  consists  of 
vegetable  fibrinc,  albumen,  caseine,  slutine,  starch,  sugar,  gum,  oil  or 
fat,  besides  the  saline  substances,  chiefly  phosphates,  which  remain  in 
the  form  of  ash,  when  the  flour  is  burned.  All  these  substances  vary  in 
quantity  in  ditferent  samples  of  flour,^their  relative  proportions  appear^ 
ing  to  dfepend  upon  a  variety  of  circumstances  as  yet  little  understood. 
In  tlie  various  analyses  of  flour  that  have  hitherto  been  published,  little 
attention  has  been  paid  to  the  per-centagcof  oil,  of  glutine,  or  of  caseine, 
which  the  specimens  examined  have  severally  contained.  In  general, 
the  weight  of  the  crude  gluten  only  has  been  estimated,  without  extraa- 
ing  from  it  either  tlie  oil  or  the  glutine. 

The  following  table  exhibits  the  approximate  composition  of  some 
varieties  of  French  and  Odessa  flour  as  determined  many  years  ago  by 
Vauquelin:t : — 

*  This  easelne  b«c(iM  fo  form  a  pellicle  on  the  ■orfaee,  when  ihe  liquid  is  eoncentnled  bf 
evaporation,  and  (hough  it  la  f enerallj  present  onljr  in  a  small  proportion  Oi  (o  1  per  cent.x 
vet  (he  comparative  quantities  present  in  two  samples  of  Hour  may  be  judged  of  by  th« 

andance  in  which  the  pellicle  is  formed. 

t  The  saline  and  other  inoTKanIc  matter  of  grslh  resides  chiefly  In  the  husk,  as  msy  be 
seen  by  (he  relative  quantities  of  ash  left  by  the  flourf  bran,  Ac.,  ofseTcral  samples  of  cng- 
iiab  and  Foreign  wheat  as  determined  in  my  laboratory — 

WKSM  OBOWH.  j^^  pjj,„.     Boxings.       Sharps.  Bnn. 

lo.Bnnderland  Bridge,  near;         j^  ^^  g^  g^ 

20.  KUnWesworth;*do.'.V.V.V. . .  116  3-8  4fl  6-7 

30.  Houghall.  do 096  30  C'S  7*1 

40.  Piawsworthfdo 0-88  27  6«  7-6 

60   StetUo. 1-1  4-5  6>2  6D 

60.  Odessa 11  49  6«  8-0 

X  I>uinu>  TraUi  di  OUmie,  tL  p.  888.  f^  \ 
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Fnaeh  WbeaL  OdeMa  Wheat 


qoallly.  qoltty.  «gf^^      Wh-L  ^      ^ 

Watar 10  0  120  ID-O  120  100  80 

GlolM) 110  73  101  140  120  120 

Starch 716  720  72-8  66*6  620  708 

SoCBT. 4  7  64  4-2  8-6  74  40 

Gam  33  3-3  2-8  40  6-8  4-6 

Bfan. —  —  _  2-8  1«  — 

1006        100         100  980       lei    IcMH) 

§  9.  O/*  <&6  tn/{]ienee  ^  ml  and  elimaU  <m  the  compoMan  of 
wheaUn  fiowr. 

1^,  The  nature  of  the  soil  has  a  sensible  influence  upon  the  composi* 
tion  of  the  grain  that  is  reaped  from  it.  The  proportion  of  gluten,  for 
example,  is  said  to  be  generally  greater  in  grain  which  is  reaped  from 
calcareons  soils,  or  from  such  as  abound  in  organic  matter.  In  the  north 
of  Ireland,  this  feet  has  been  observed  in  regard  to  the  wheat  grown  in 
the  limestone  districts ;  and  the  millers  of  the  midland  counties  of  Eng- 
land (on  the  new  red  sandstone)  are  accustomed  to  mix,  with  their  native 
com,  that  of  the  chalk  districts  to  the  east  and  south,  for  the  purpose  t€ 
giving  additional  strength  to  their  flour. 

cSmate. — ^The  wheat  of  warm  climates  also  is  supposed  usually  to 

contain  more  gluten.     Thus  flour,  prepared  from  some  Eastern  wheats, 

compared  with  that  from  others  of  French  growth,  was  found  to  contain 

water  and  dry  gluten  in  the  following  proportions: 

Water,  Gluten, 

per  ceDU  per  cent 

French,    Saiseette 15*1  12-7 

Rochelle 12*9  11-2 

Brid     * 13-5  10-7 

Tuzelle 13-0  8-3 

Odessa 13-0  16.0 

Taganrog* 12-6  22-7 

The  quantity  of  gluten  contained  in  English  flour  has  generally  been 

stated  much  too  high.  Thus,  Sir  Humphrey  Davyf  says  that  he  ob- 
tained from  the  flour  of— 

Glaten,  Gluten, 

per  cent  per  eeuL 

English  winter  wheat    19  Barbary  wheat    23 

English  spring  wheat    24  Sicilian  wheat    21 

— «nd  others  have  given  numbers  nearly  as  high.  But  the  gluten  is 
very  difficult  to  dry,  and  I  believe  that  the  large  per-centage  of  this  sub- 
stance assigned  by  previous  experimenters  has  arisen  from  the  water  not 
being  sufficiently  expelled  from  it  by  prolonged  heating  to  220°  F.  I 
select  the  following  from  a  greater  number  of  determinations,  carefully 
made  in  my  laboratory  :— 

*  Taganrog,  at  the  bead  of  the  aea  of  Aaopb,  eipoits  the  pradveo  of  the  banks  of  the 
Don. 


AgridOtmuL  Ckmtttry^  Lecture  10. 
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Weight  Water 

per         In  Gluten, 
xuip  OF  WHBAT.  buahoL  Flour.  wkkrb  orowv. 

lbs.     percL  perct 

Red  English  ...    62^        17  6         81  At  Banderiaad  Bridge,  near  Durham. 

••       ^      ....    621         16-4         9-6  At  Kimbleaworthf  near  Durham. 

«(       <(       ....    6:3  160         8-5  At  Univhall,  near  Durham. 

«       **       ....    62|         16-8         9  9  Near  North  Deighton,  Yortahire. 

White  **       ....    63  15-5         7-6  At  Piawawonh,  near  Dtirhem. 

•*        Scotch..    61^         16-3         94  At  Uadgirth,  near  Ayr  (Appendix,  p.  a.) 

Red  Htettin 63  14-6  8  6 

«    Odeaaa....    61  15-9        US 

In  all  these  cases  the  quantity  of  gluten  falls  far  short  of  that  assigned  to 
English  flour  by  Davv ;  yet  we  may  safely,  I  think,  conclude  from  them 
that  English  flour  seldom  contains  more  than  10  per  cent,  of  dry  gluten. 
The  flour  from  North  Deighton,  which  gave  9*9  per  cent,  was  grown 
upon  a  thin  limestone  soil,  and  luay  perhap*  owe  its  larger  per-centage 
to  this  circumstance. 

But  these  numbers  do  not  indicate  the  exact  quantity  of  nitrogen-liold* 
ing  food  which  these  flours  contained.  For  in  the  gluten  there  is  al- 
ways present  a  variable  quantity  of  fatty  matter  which  contains  no  nitrogen, 
and  which,  if  extracted,  would  lessen  considerably  the  weight  of  the  glu- 
ten in  some  of  the  flours.  On  the  other  hand,  however,  tlie  water  em- 
ployed in  washing  out  the  starch  holds  in  solution  some  albumen  and 
casein,  which,  having  the  same  composition,  might  be  added  to  the  glu- 
ten, and  would  sensibly  increase  its  weight.  Thus  in  a  sample  of  flour* 
grown  in  Ayrshire  I  found-^ 

Gluten        ....        9*3    per  cent. 

Albumen    ....        0*45  per  cent. 

Casein         ....         0*40  percent. 

Making  in  all . .  .       10-15  of  substances  which  contain 
nitrogen  in  nearly  equal  proportions. 

We  probably,  therefore,  do  not  greatly  err  in  general  in  estimating 
(he  nutritive  value  of  wheaten  flour — ^in  so  far  as  it  depends  upon  the.se 
nitrogenous  compounds— by  the  per  centa^e  of  dry  gluten  which  a  care- 
ful washing  enables  us  to  separate  from  it.  Further  researches,  how- 
ever, which  are  now  in  progress,  will  throw  mucb  additional  light  upon 
this  subject. 

§  10.  Influence  ^variety  of  seed  ^  of  mode  of  culture^  of  time  of  cuttings 
and  of  special  manures^  on  the  composition  of  wheat. 
1°.  Variety  of  seed  and  mode  of  culture. — ^The  influence  of  these  two 
circumstances  upon  the  relative  proportions  of  bran  and  gluten  are  shown 
by  the  following  results  of  the  examination  by  Bou^ingaultf  of  several 
varieties  of  wheat  grown  in  the  Botanic  Garden  at  Paris— 

Huak  or  Bran  Flour  Water  GUnen.&c 

In  the  Grain,  in  the  Grain.  In  the  Floor,  in  Uie  Floor. 

per  cent.  |>er  cent  per  cent.  per  cenL 

Ctpewheaf 19  ai  7-0  206 

Ruaaian  wheat 18  82  64  24-8 

Dantzicwheat 24  76  7-3  85-8 

Red  Folx  wheat IS  5  81-6  93  26  1 

Barrelwheal 22  78  8-8  27-7 

Winter  wheat ♦ 38  63  14-1  33 

'  No.  2.  Appendix,  p.  171. 

t  ilMMbt  da  aUm,  t  da  Pky$,  ig^,^  p.  311. 
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Id  all  the  samples  (he  bran  and  gluten  ore  both  very  high,  but  they 
vary  much  in  the  several  varieties. 

The  gluteo  includes  tlie  albumen  and  casein  and  other  substances  con- 
taining nitrogen,  but  even  though  grown  in  the  rich  soil  of  a  botanic  gar- 
den, I  fear  the  sum  of  these  has  been  estimated  much  too  high.*  The 
same  variety  of  wheat  grown  in  the  open  fields  in  Alsace  gave  17*3  of 
gluten,  and  m  the  Botanic  Garden  of  Paris,  26*7  of  gluten. 

2^.  The  time  of  culling  afiects  the  weight  ofproduce,  as  well  as  the 
relative  proportions  of  flour,  bran,  and  gluten.  Thus  from  3  equal  patch- 
es of  the  same  field  of  wheat  upon  thin  limestone  soil  at  North  Deighton, 
in  Yorkshire,  cut  respectively  20  days  before  the  crop  was  fully  ripe,  10 
days  before  ri|)ene8S,  and  when  fully  ripe,  the  produce  was  in  j^rotn^*— 
so  d«78  before.  10  dnye  before.  FiiUr  ripe. 

166  lbs.  220  lbs.  209  lbs. 

and  the  per-centaofe  of  flour,  sharps,  and  bran,  yielded  by  each,  and  of 
water  and  gluten  in  the  flour,  was  as  follows  :— 

m  TRB  OBAIN  PBR  CBMT.        W  TBB  WMVU  »BR  CWT. 
WHSN  OUT.  / •^'       '  '  '-^       / ■^ 

Flour.  Stiarps.  Bmn.  Water.  Glnien. 

80  days  before  it  «u  ripe.  ...       74  7  7^  17-6            16  7               9-3 

10  deya  before 79- 1  6-5  13-2            16-&               9-9 

Polly  ripe 72-2  110  16-0  159               9-6 

"When  cut  a  fortnight  before  it  is  ripe,  therefore,  the  entire  produce  of 
grain  is  greater,  the  yield  of  flour  is  larger,  and  of  bran  considerably  less, 
while  the  proportion  of  gluten  contained  in  the  flour  appears  also  to  be 
in  favour  of  that  which  was  reaped  before  the  corn  was  AiUy  ripe.f 

3°.  Special  manure$. — ^It  is  said  that  tlie  employment  of  manores 
which  are  rich  in  aitrogen  not  only  causes  a  larger  crop,  but  also  produ- 
ces a  grain  which  is  much  richer  in  gluten.  The  experiments  which 
have  hitherto  been  chiefly  relied  upon  in  proof  of  this  result  are  those  of 
Hermbstadt.  On  ten  patches,  each  100  square  feet,  of  the  same  soil  (a 
sandy  loam)  manured  with  e<iu€d  weighls  of  different  manures  in  Ike  dry 
staUj  he  sowed  equal  nuantities  (^  lb.)  of  the  same  wheat— collected, 
weighed,  and  analysed  tne  produce.  His  results  are  represented  in  the 
following  table:— 


S 


., ..  h  If  II 1}  li  II  m  II 

.14 fold.  L4f«l(L  MfeU.  18 bid.  ISIUd.  10 fold.  BUM.  7  fold.  SfcM.  9 fold. 

Wafer 4-3  42  4-2  4-3  42  48  43  48  4  2  4-2 

Gluten 342  33-9  32*9  32*9  361  13-7  12-2  120  9-6  9-2 

AlbomeD 10  1-3  13  1-3  1-4  M  09  I'O  0-8  0-7 

Sterch 41*3  41*4  42-8  42*4  39-9  CI -6  63-2  623  65-9  66-6 

eonr 1-9  1-6  16  1-6  14  1-8  lO  19  19  1-9 

Oam 1-8  1-6  1-5  1-5  1-6  1-6  1-9  1*9  1-6  1-8 

FattyOil 0-9  M  I'O  0-9  10  1*0  0-9  1*0  1*0  1-0 

filolqb)ePho«phetee.dbc.  0*5  0-6  07  0*7  0-9  0-6  0'5  0  5  0-5  0-3 

Haekandbrao 13-9  14-0  13-8  14-2  14-2  14*0  14*0  14*9  140  14-0 

99^     99^7     9W     99^     99T     996     99-8     997     998     99-7 

The  large  per-centage  of  gluten  obtained  by  the  use  of  the  first  five 

*  lo  tbese  flour*  the  platen  vna  not  determined  bT  waahlnB  oi't  ^^  ftarcb,  bat  bv  a  more 
refined  method  of  ultimate  analysUt.  as  It  la  called,  by  which  the  per-rentaf;e  of  nitrogen  le 
determined, and  the  proportion  of  gluten,  Ac,  calenlated  flmm  thia.  When  the  per-eent«g« 
ornltrofen  la  email,  aa  In  wheaien  flour,  thIa  method  ia  open  to  many  aourcea  of  error. 

*  See  a  paper  bjr  Mr.  Joha  Uaaaam,  QnmUrty  Journal  qf  AgrioitUmty  IviU ,  p.  173. 
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manures  is  very  striking,  if  the  determinadons  are  reaHy  to  be  depended 
upon.  They  are  certainly  interesting  in  a  theoretical  point  of  view,  and 
are  deserving  of  careful  repetition.  In  reference  to  their  bearing  upon 
practical  farming,  however,  it  must  not  be  forgotten,  that  the  results  of 
small  experiments  are  never  fully  borne  out  when  they  are  repeated  on 
die  large  scale— that  the  relative  value  of  different  animal  manures  is 
materially  af!bcted  by  the  kind  of  food  on  which  the  animal  has  lived— 
that  independent  of  manures,  there  are  circumstances  not  yet  made  out 
which  materially  affect  the  produce  of  single  patches*— and  that  it  will 
rarely  be  in  the  power  of  the  practical  farmer  to  apply  at  pleasure  to  his 
fields  the  relative  proportions  of  the  several  manures  used  by  Hermb- 
stadt.  Thus,  if  instead  of  20  tons  of  farm-yard  manure  he  wished  (o 
try  blood  or  urine  alone,  he  must  apply  24  tons  of  the  former,  and  70 
tons  of  the  latter— quantities  which  it  might  be  both  difficult  to  procure 
and  inconvenient  to  apply. 

The  most  practically  useful  results  yet  published  in  regard  to  the  ac- 
tion of  the  different  manures  upon  the  weight  of  the  crop,  the  proportion 
of  flour  yielded  by  it,  and  of  gluten  in  the  flour,  are  tliose  of  Mr.  Bumet, 
to  which  I  have  already  had  occasion  to  draw  your  attention.f  These 
results  were  as  follow  :— 

lUND  OF  MAMUM.  pcTwfJ. 

Nodiing 3l|bahls. 

Sulphaud  urine  and  wood  ashes.    40 

Do.         and  sulphate  of  soda.    49 

Do.         and  common  salt     .    49 

Do.         and  nitrate  of  soda.  .    48^ 

We  perceive  here  a  slight  increase  in  the  per-centage  of  gluten  when 

the  manures  were  applied,  bui  nothing  which  at  all  resembles  the  great 

differences  given  by  Hermbsatdt,  or  which  renders  it  probable  that  by 

skilful  management,  as  some  have  supposed,  we  may  hereafler  be 

able  to  raise  in  our  fields  whole  crops  of  com  w^hich  shaU  yield  a  flour 

containing  20  or  30  per  cent,  of  gluten. 

§  11.  Of  the  effects  of  germination ,  and  of  bakings  upon  tkeJUmrofuiheaL 

The  effects  of  germination  and  of  baking  upon  the  flour  of  wheat  are 
very  analogous  to  each  other.  In  both  cases,  a  portion  of  the  starch  is 
changed  into  gum  and  sugar. 

1°.  Qermination, — ^I  have  already  described  to  you  (p.  118),  the  very 
beautiful  change  which  takes  place  during  the  sprouting  of  the  seeds  of 
plants— how  a  portion  of  their  gluten  is  changed  into  diastase^  and  how, 
by  the  agency  of  this  diastase,  the  starch  of  the  seed  is  changed  into  gum 
and  sugar.  In  an  experiment  made  by  De  Saussure,  100  parts  of  the 
farina  of  wheat  had  by  germination  lost  6  parts  of  starch,  and  in  their 
stead  had  acauired  3^  of  gum  and  2i  of  sugar.  The  effect  of  this 
change— whicn  proceeds  as  the  plant  continues  to  grow — is  to  make  the 
starch  soluble,  and  thus  capable  of  entering  into  the  circulation  of  the 
young  plant. 

2®.  Baking. — It  is  the  larger  proportion  of  gluten  usually  contained 
in  the  flour  of  wheat  that  renders  it  so  much  better  fitted  for  the  baking  of 

•  Bee  Apptndbr,  pp.  »«ikI  ».  T  «ee  p.  8«  i^ J^QdhLHe^^twl  71. 


Fine  Floor 

Gluten 

from  the  grain. 

In  iho  floor. 

76|  lbs. 

94  per  cent. 

60i  " 

105      " 

63J  « 

9-7      " 

65|  " 

96      " 

64|  " 

100      « 
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biead  than  the  flour  of  any  other  grain.  If  the  gluten  be  washed  ont  of 
the  floar,  and  put  alone  into  the  oven,  it  wiU  rvvell  up,  become  full  of 
pores,  and  assume  a  large  size.  The  comparative  baking  qualities 
of  diflerent  samples  of  flour  may  be  judged  of  by  the  height  to  which,  in 
similar  vessels,  the  gluten  of  equal  weights  of  flour  is  thus  observed  to  rise. 

We  have  already  seen  that  by  heating  in  an  oven,  dry  starch  is  gra- 
dually changed  into  gum  (British  gum,  p.  113),  and  into  a  species  of 
sugar— becoming  completely  soluble  in  water.  Sach  a  change  is  pro- 
duced upon  a  portion  of  the  starch  of  wheaten  flour  when  it  is  baked  in 
the  oven.  Thus  in  100  parts  of  the  flour,  and  of  the  bread  of  the  same 
wheat,  Vogel  found  respectively — 

Starch.  Saioir.  Oum. 

Flour        ...      68  6  — 

Bread        .        .        .      53i  3i  18 

So  that  a  very  considerable  portion  of  gum  had  been  produced  at  the  ex- 
pense of  the  starch. 

The  yeast  which  is  added  to  the  dough  in  baking,  acts  in  the  same 
way  as  when  it  is  added  to  the  sweet  wort  of  the  brewer.  It  induces  a 
fermentation  by  which  the  sugar  of  the  flour  is  changed  into  carbonic 
acid  and  alcohol.  The  carbonic  acid  is  liberated  in  the  form  of  minute 
babbles  of  eas  throughout  the  whole  substance  of  the  dough  and  causes 
it  to  rise,  Uie  alcohol  is  distilled  ofl*  in  the  oven.  If  too  much  water 
have  been  added  to  the  dough — or  if  it  have  not  been  sufliciently  knead- 
ed—or if  the  flour  be  too  finely  ground— or  if  the.paste  be  not  sufficiently 
tenaciotis  in  its  nature,  these  minute  bubbles  will  run  into  each  other, 
will  form  large  air  holes  in  the  heart  of  the  bread,  and  will  give  it  that 
open  irregularly  porous  appearance  so  much  disliked  by  the  skilful 
baker.  Good  bread  should  be  full  of  small  pores  and  uniformly  light. 
Such  bread  is  produced  by  a  strong  flour ;  that  is,  one  which  will  rise  well, 
will  retain  its  bulk,  and  will  bear  the  largest  quantity  of  water. 

The  quantity  of  water  which  wheaten  flour  retains  when  baked  into 
bread  depends  in  some  degree  upon  the  quality  of  the  flour.  In  the 
Acts  of  Parliament  relating  to  the  assize  of  bread,  it  is  assumed  that  a 
sack  of  flour  (280  lbs.)  will  produce  80  quartern  loaves,  or  320  lbs.  of 
bread.  According  to  this  calculation  the  flour  should  take  up  and  retain 
when  baked  one-seventh  of  its  weight  of  water.  B  ut  the  quan  tity  of  water 
retained  by  the  flour  now  in  use  is  very  much  greater,  and  the  profit  to 
the  baker,  therefore,  very  much  more  than  this  calculation  supposes. 

This  is  shown  by  the  quantity  of  water  which  is  lost  by  wheaten 
bread,  whether  of  first  or  second  quality,  when  it  is  dried  by  prolonging 
heating,  at  a  temperature  not  exceeding  220^  F.  The  home-miiade 
bread  (white  and  brown)  baked  in  my  own  house,  and  in  two  other 
private  houses  in  Durham,  lost  of  water  by  drying  in  this  way-^ 


How  long  bftked. 

Water  per  eent. 

lo.   White 

24  hours. 

43-3 

Brown* 

24    do. 

44  0 

20,  Brown 

42    do. 

44-1 

White 

36    do. 

42-9 

3°.  White 

9    do. 

44-1 

*  The  lirowD  bmd  is  made  from  the  whole  grain  of  the  wheat  as  It  comet  ftorn  (be 
ininefottee    nothing  belog  aeparated  hy  tiftlDg.  uiymzeu  oy  ^jw^^l^^ 
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So  that  wheaten  bread  one  day  old  contaiiiB  about  44,  and  two  davs  ok), 
about  43  per  cent,  of  water.  Something,  however,  will  depend  upon 
the  size  of  the  loaves. 

This  proportion  is  almost  exactly  the  same  as  that  contained  in  the 
white  bread  of  Paris.  According  to  Dumas,  tlie  water  in  the  oon^iium 
white  bread  of  Paris  amounts  to— 

Iloan  baked.  Wat«r  per  ecBL 

2 45-7 

4i 45-3 

10 430 

24 43-5 

We  may  assume,  therefore,  44  per  cent,  as  very  nearly  the  average 
quantity  of  water  contained  in  good  white  bread  botli  in  £ngiand  and  in 
France.  Bread  baked  for  public  establishments  contains  more  water,^- 
not  being  generally  so  well  fired,  or  being  baked  in  the  form  of  many 
loaves  stuck  together,  instead  of  in  separate  tins,  as  is  done  with  home- 
made bread.  Such  is  the  case  with  the  soldiers*  bread  of  our  own 
country,  and  the  barrack  bread  of  Paris  (pain  de  munition)  which  con- 
tains about  51  per  cent,  of  water. 

We  have  already  seen  (p.  499)  that  English  wheaten  flour  contains,  on 
an  average,  about  16  per  cent,  of  water.  If,  therefore,  the  bread  baked 
from  it,  as  it  comes  from  the  mill,  contain  44  per  cent.,  every  hundred 
pounds  consist  of— - 

Dry  flour     * ^    i    GGl 

Water  in  the  flour  (naturally)  .        lOi  J       * 

Water  added  by  the  baker       .        .        ..33) 

100 
Or,  the  flour,  in  baking,  takes  up  half  its  weight  &f  water.    A  hundred 
pounds  of  flour,  therefore,  as  it  comes  from  the  mill,  will  give  very 
nearly  160  pounds  of  bread.    Thus— 

Flow  ooDtalne  Bread  contains 

Dry  flour        ....         84  84 

Natural  water         ...         16  16 

Water  added  .  .   50 

100  

Weight  of  bread  150 
A  sack  of  flour,  therefore,  or  280  lbs.,  ought  to  give  about  420  lbs.  of 
well  baked  bread.  Something  must  be  d^ucted  from  this  for  the  loss 
by  fermentation,  and  for  the  dryness  of  the  crusts.  Allowing  5  percent, 
for  these,  a  sack  of  flour  should  give  400  lbs.  of  bread  of  the  best  quality,* 
or  100  quartern  loaves.  The  cost  of  fine  white  bread,  therefore,  com- 
pared with  that  of  com  and  flour,  ought  to  be  very  nearly  as  foUo^'S  :— 

Con  of  Flour,  Cost  of  Bread,  Market  price  of 

per  aack.             per  stone.  per  quartern  loaC  GnUn  per  qr.t 

35s.                 Is.  9d.                            44d.  47s. 

40s.                2s.  Od.                            4|d.  528. 

*  Unmixed  wfth  potatoes,  which  are  employed  by  many  bakers  in  eooaldeFable  quanUtr 
Mixed  with  the  yeast  they  are  said  to  make  the  bread  lighter. 

t  This  column  has  been  calculated  for  me,  from  the  price  of  the  flour,  by  my  friend  Mr. 
John  Robeon.  miller,  In  Durham.  The  preciical  rule  itt,  that  6  bushels  of  com  should  cive 
one  sack  of  iour,  and  that  the  miUer  should  hsTe  the  uflU  foi[^faf|||m^|l^ 


CoBt  Of  Bread, 

Maricet  price  of 

pel  quaitern  ImC 
5?d. 

^^^. 

6d. 

678. 

6|d. 

728. 

7yd. 

808. 
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CoatofFtoor, 
per  Back.  per  atone. 

45s.  2s.  3d. 

60s.  2s.  6d. 

b5B.  23.  9d. 

608.  3s.  Od. 

The  ecoDomy  of  baking  at  hopcke,  therefore,  at  the  usual  prices  of 
bread,  seems  to  be  very  considerable. 

§  12.  Of  the  supposed  relation  between  the  percentage  of  gluten  tn 
Jlour^  and  tfie  weight  of  bread  obtained  from  it. 

It  has  been  assumed  by  recent  chemical  writers  that  the  quantity  of 
water  absorbed  by  flour,  and  consequently  the  weight  of  bread  obtained 
from  it,  depends,  in  whole  or  in  great  part,  upon  the  proportion  of  gluten 
which  the  flour  contains.  The  following  facts,  however,  do  not  accord 
with  this  supposition. 

1°.  Household  bread,  made  respectively  from  the  flour  of  a  French 
wheat  and  of  a  wheat  from  Taganrog,  retained  nearly  the  same  per- 
centage of  water,  though  the  one  sample  contained  upwards  of  twice  as 
much  gluten  as  the  other.     Thus — 

Gluten  per  cent  Water  per  ecnt. 

io  the  Flour.  in  the  Bread. 

Flour  of  Brie         .         .         .         10-7  47-4 

Flour  of  Taganrog         .         .         22-7  47-0 

This  one  fact  might  be  supposed  to  settle  the  question,  but  I  shall 
mention  otliers. 

2^.  The  flour  from  Odessa  wheat  contains  about  }th  more  gluten  tlian 
French  flour  in  general,  and  yet  it  absorbs  very  little  more  water  (Du- 
mas). This  Dumas  accounts  for  by  the  fact  that  the  starch  of  the 
Odessa  wheat  forms  hard  transparent  homy  particles,  which  take  less 
water  to  moisten  them  than  the  impalpable  powder  yielded  by  the  softer 
French  wheats — so  that  the  gluten  does  not  appear  to  produce  its  full 
eflfect.  I  do  not  know  how  far  this  explanation  is  consistent  with  the 
fact  that  the  hard  flinty  wheats  give  the  best  biscuit  flour-^what  the 
baker  calls  the  strongest,  which  rises  best,  and  absorbs  the  most  water.* 

3®.  Rice  is  said  to  contain  very  little  gluten — not  estimated  by  any  to 
amount  to  more  than  6  or  7  per  cent. — and  yet  it  is  stated  as  the  result  of 
numerous  trials,  that  an  admixture  of  a  seventh  part  of  rice  flour  causes 
wheaten  flour  to  absorb  more  water. f 

4°.  If  the  hard  wheats  be  ground  too  fine  they  lose  a  part  of  their  ap- 
parent strength,  the  flour  becomes  dead,  as  it  is  sometimes  called,  and 
refuses  to  rise  as  it  would  do  if  sent  to  the  baker  in  a  more  gritty  and  less 
impalpable  state. 

5°.  Lastly,  the  admixture  of  very  minute  quantities  of  foreign  matter, 
by  way  of  adulteration,  is  said  to  have  a  remarkable  influence  upon  the 
quantity  of  water  which  the  flour  w^ill  absorb.  In  some  parts  of  Belgium 
it  appears  to  have  been  the  practice  to  adulterate  the  bread  with  a  small 
quantity  of  sulphate  of  copper.^     This  salt  is  dissolved  in  water,  and 

*  That  aodi  la  the  caae  alao  In  foreign  countriea,  see  a  letter  firom  the  BrIUah  Consul  m 
Llabon,  In  Ilavy'a  Agriatltural  Chmnittry^  Lectare  m. 
t  Dtunae'  3Vai<$  de  Chimie,  vi.,  p.  396. 
X  BlM  Tltrtol-ft  Tioleiit  poi«m.  Digitized  by  GoOglc 
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the  solution  added  to  the  water  with  which  ilie  dough  in  to  be  made,  ia 
the  proportioQ  of  about  one  grain  to  two  pounds  of  flour.  It  gives  the 
bread  a  fairer  colour,  and  thus  permits  the  use  of  inferior  flour,  and  it  causes 
the  bread  to  retain  about  six  per  cent,  more  water  without  appearing  moisl- 
er.  Even  in  the  small  proj>ortion  of  one  grain  of  die  sulphate  to  6,  or 
7  lbs.  of  flour,  it  produces  a  very  sensible  etfect  (Kuhlman). 

Other  adulterations  also  exercise  a  similar  influence.  Alum  improves 
the  colour  of  the  bread,  raises  it  well,  and  causes  it  to  keep  water,  but  it 
requires  to  be  added  in  larger  quantity  than  the  more  poisonous  sulphate 
of  copper.  Common  salt  likewise  makes  the  paste  stronger,  ajxl 
causes  it  to  retain  more  water,  so  diat  the  addition  of  salt  is  a  real  gain 
to  the  baker. 

From  aU  these  facts,  therefore,  we  may  infer  that,  independent  of  the 
relative  proportions  of  gluten,  very  slight  differences  in  composition — 
such  as  have  not  yet  been  sought  for  or  appreciated — may  materially 
afiect  the  relative  weights  of  bread  obtained  by  the  baker  from  diflerent 
samples  of  wheaten  flour. 

§  13.  Of  the  composition  of  barley  y  and  the  influence  of  different  manures 
upon  the  relative  proportions  of  its  several  constituents. 

The  grain  of  barley  consists  of  nearly  the  same  substances  as  that  of 
wheat,  but  in  proportions  somewliut  ditlerent.  These  proportions,  how- 
ever, are  affected  botii  by  the  kind  of  manure  with  which  the  land  is 
dressed,  and  by  the  nature  of  tlie  soil  on  which  the  seed  Is  sown. 

1®.  Manure* — The  effect  of  manure  appears  from  the  following  table, 
containing  the  results  of  Hermbstadt,  obtained  in  the  same  way  as  those 
with  wheat  already  described  (p.  603)  : — 

KIND   OP  S  "SSgCsS  Is  .       otS.3--S 

XAMC7BB.  I  5-2£«3  33  S     ffi^o    «i;S 

Ox  Blood 10*4  13-6  5-7  0*4  59-9  46  4-4  0  4  04  16 

NIghlBoa in-2  13-6  5-8  05  09  0  45  4-3  0-5  0-6  13 

Sheep's  dnng...  10-3  t3'5  5-7  04  59-9  4'6  44  04  03  16 

Qoal'edmif 10-4  13-5  5-7  04  699  46  45  0-4  0-3  15 

Humao  unno...  10-3  136  5-9  06  59  6  44  44  0-4  0-7  13V 

Horeedung 104  13'5  5-7  04  69-7  46  4-6  04  04  13 

Pigenn-sdUDg..  10*4  13-5  6-6  0-4  59*8  4*6  45  0-4  0-4  10 

Cow'sdung 10-8  136  3-3  0-2  619  48  46  0-5  0-3  11 

Veget.  manure..  10-8  136  29  0-2  622  49  4-8  0-2  01  7 

No  manure 10  8  13-6  29  01  62-5  60  47  01  01  4 

In  so  far  as  reliance  is  to  bo  placed  upon  the  numbcis  in  the  above 
table,  as  indicative  of  the  general  effect  of  the  several  manures  men- 
tioned, it  would  appear  tliat  the  relative  proportions  of  gluten,  albumen, 
and  starch  do  not  vary  very  much  until  we  come  to  cow-dung,  when  the 
former  two  substances  sensibly  diminish.  Further  experiments,  how- 
ever, are  required  upon  this  subject  (see  page  514). 

2°.  Soil, — ^The  effect  of  soil  upon  the  barley  crop  is  known  to  all 
practical  farmers — so  that  the  terms  barley-land  and  wheat-land  are  tlie 
usual  designations  for  light  and  heavy  soils  adapted  especially  to  the 
growth  of  these  several  crops.  On  clay  lands  the  produce  of  barley  is 
greater,  but  it  is  of  a  coarser  quality,  and  does  not  malt  so  well-^on 
loams  it  is  plump  and  full  of  meal— and  on  light  chalk  soils  the  crop  is 
light,  but  the  grain  is^thin  in  the  skin,  of  a  rich  colour,  and  well  adapted 
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lor  iiialtio§r*«  The  barley  of  the  light  lands  in  Norfolk  is  celebrated  in  the 
North  of  England  for  its  malting  properties — and  the  brewers  refuse  the 
barley  of  the  county  of  Durham,  even  at  a  lower  price,  when  Norfolk 
barley  is  in  the  market.  When  unfit  for  malting,  barley  ailbrds  a  fiU- 
lening  food  for  pigs  and  for  some  other  kinds  of  stock. 

§  14.  Effect  of  malting  upon  barley. 

During  the  germination  good  barley  increases  in  bulk  one-half.  In 
order  that  it  may  do  so,  it  must  be  uniformly  ripe— «.  quality  of  great 
value  to  the  maltster.  This  maximum  bulk  is  generally- acquired  in  24 
hours  after  it  has  been  moistened  and  laid  in  heaps.  In  drying,  how- 
ever, the  barley  again  diminishes  in  bulk,  so  that  the  dried  malt  rarely 
exceeds  by  more  than  f\jth  or  i^th  the  bulk  of  the  grain  as  it  came  from 
the  market.  The  welUdried  malt,  however,  is  lighter  by  4th  tnan  the 
barley  from  w^hich  it  b  made— 100  lbs.  of  barley  yielding  about  80  lbs. 
of  malt.  This  is  not  all  loss  of  substance,  since  by  a  similar  dryingthe 
barley  itself  before  malting  would  lose  about  12  per  cent  of  water.  The 
loes  of  substance,  therefore,  is  only  about  8  per  cent.  This  diminution 
of  solid  matter  arises  in  part  from  the  loss  of  the  little  roots  which  fcHin 
the  malt-dust  (cummins)^  of  which  I  have  already  spoken  (p.  436)  as 
beinff  a  valuable  manure,  and  of  which  4  or  5  bushels  are  obtained  from 
100  bushels  of  barley. 

Thecolour  of  the  malt  varies  with  the  temperature  at  which  it  is  dried. 
If  the  beat  does  not  exceed  100°  F.  a  very  pale  malt  is  obtained,  which 
gives  a  very  white  beer.  A  heat  not  rising  alwve  180*^  gives  an  amber 
coloured  malt— while  for  brown  malt  the  temperature  may  rise  as  high 
as  260°  F.  By  mixing  these  varieties  beer  of  any  colour  may  be  made. 
But  in  the  porter  breweries  it  is  usual  to  prepfure  a  quantity  of  malt  of  a 
brownish  black  c61our  (burtied  malt)^  by  adding  a  portion  of  which  any 
required  shade  of  colour  is  imparted  to  the  liquor. 

During  germination  a  variable  quantity  of  the  gluten  is  converted  into 
diastase  (p.  119),  and  about  two-fifths  (40  per  cent.)  of  its  starch  into 
sugar  or  gum  (dextrine).  The  quantity  of  diastase  produced  depends 
upon  the  extent  to  which  the  germination  has  proceeded.  It  is  greatest 
at  the  moment  when  the  gemmute  is  about  to  burst  from  the  seed,  and  to 
form  the  young  shoot. 

I  have  alre^y  explained  the  beautiful  purpose  served  by  this  diastase 
in  converting  the  insoluble  starch  of  the  grain  into  soluble  sugar  and 
gum.  When  the  beer  is  to  be  made  wholly  from  malt,  it  is  unnecessary 
to  continue  the  germination  till  the  largest  quantity  of  diastase  is  pro- 
duced. It  is  sufficient  if  the  gemraule,  on  holding  up  a  grain  of  the 
bariey,  be  seen  within  the  skin  to  have  attained  one-half  or  two-thirds  of 
the  length  of  the  seed.  The  diastase  then  produced  is  more  than  enough 
to  convert  the  whole  of  the  starch  of  the  grain  into  sugar  (p.  120).  But 
if  raw  grain,  as  in  some  of  our  distilleries,  is  to  be  added  to  the  malt, 
then  the  malting  should  be  prolonged  till  the  bud  is  about  to  burst  through 
the  husk,  so  that  the  largest  possible  supply  of  diastase  may  be  contain- 
ed in  it.     In  this  way  uso  malt  is  prepared  when  it  is  to  be  employed 

'  **  The  barlej  oo  the  compeet  clays  (In  Hanta)  is  of  a  coarser  qaalitT,  but  prodace  greatei^ 
on  the  light  chalk  soUe  It  Is  well  calctilated  for  malUng— the  skin  is  thin,  and  colour  rich  but 
Usbt—ln  funaefli  of  meal  and  ploinpness  of  appearance  it  never  equals  the  barleys  grown  in 
WMtUiv,  MKl  npsft  louay  laodB.*'«4ifr.  Gm^ 
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in  the  inanofacture  of  syrup  {glucose)  from  potatoe  flour^-a  branch  ofiD- 
r'uftzy  which  has  become  of  some  Importance  in  certain  parts  of  France. 

§  15.  ComjposUion of oaUt and effectof manures inmodifyingt^ 

The  relative  proportions  of  husk  and  meal  in  the  several  varieties  of 
the  oat  differ  in  a  greater  degree,  probably,  than  in  any  other  grain. 
Thus,  the  potatoe-oat  is  known  to  be  richer  in  meal,  the  Tartary-oat  in 
husk.  The  round  grain  of  the  former  Is  chiefly  grown  in  Scotland,  for 
grinding  into  meal,  the  latter  in  England,  for  feeding  horses. 

But  even  the  round  potatoe-oat  varies  much  in  the  produce  of  meal 
which  it  gives.  Many  samples  yield  only  half  their  weight  of  oatmeal, 
others  9  stones  out  of  1 6,  while  some  give  as  much  as  12  stones  from  the 
same  quantity,  or  thrce-fourths  of  fteir  weight.  In  one  variety  of  oat 
Vogel  found  66  per  cent,  of  meal  and  34  of  husk,  which  is  equal  to  10^ 
stones  of  meal  from  16  of  grain.  He  also  extracted  from  tlie  meal  2  per 
cent,  of  oil,  and  59  of  stareh,  and  observed  it  to  lose  by  drying  upwaids 
of  20  per  cent,  of  water. 

Soil,  season,  climate,  variety  of  seed  sown,  and  the  kind  and  quantity 
of  manure  applied—all  alfect  the  amount  of  produce  and  the  chemical 
composition  of  the  oats  that  are  reaped.  According  to  Hermbstadt,  the 
effect  of  different  manures  in  modifying  the  composition  of  the  produce 
of  the  same  seed  are  represented  by  the  numbers  in  the  following  table : 


KIND  or 


I 


ll  li  I  I  i  a  hlAh 


OxBlood 120  19-3  60  04  r>3l  38  Bb  03  0*4 

NishtaoU 121  19-2  4*6  0*4  633  3H  64  0  3  0-5 

8heep'«  duog...  12-6  133  40  0*6  640  6-2  6-3  03  0*4  14 

GoAt'adiing.  ...  12-9  170  4-3  04  63-2  6*4  6  7  0-3  0-4  16 

Human  urine...  130  170  4-4  OS  531  60  67  0-4  fiS  13 

Iloroe  dunjf 131  160  40  0-b  54-6  5-2  6-6  0-3  0-6  14 

riKeon'a  dung  ..  12-3  18-3  3-2  0-3  6*-2  60  6-8  03  0-3  12 

Cowdunn 11-6  150  31  0-3  6o-(»  6-S  7-3  0-3  0-3  16 

Vcfet  maoure..  lO'S  130  20  0-2  60-9  6-4  70  02  0-2  13 

Unmanured 10  8  120  1-9  02  60  0  64  70  03  01  6 

The  differences  in  this  table  are  very  striking  [see  p.  515]. 

§  16.  Camposition  of  rye,  and  effect  of  different  manures  upon  its  compositioru 
The  grain  of  rye  approaches  nearest  to  that  of  wheat  in  the  quantity 
of  gluten  it  contains,  and  in  the  consequent  fitness  of  its  flour  for  baking 
into  bread.  It  sometimes  albO  contains  much  sugar — ^recent  rye-bread 
having  almast  invariably  a  sweet  taste— but  the  proportion  of  sugar  ap- 
pears to  be  by  no  means  constant.  Thus  Einhof  and  Greif  exhibit  the 
composition  of  a  sample  of  rye -flour,  examined  by  each  of  them,  re- 
spectively as  follows  :— 

Einhof,  percent  Grief, per cenL 


Husk       . 

'  -  6-4 - 

"-•■"^•f  r*" 

Gluten  (not  dried)   . 

9-5 

12-8 

Albumeu     . 

3-3 

3-0 

Starch     .... 

61-1 

68-8 

Sugar      .... 

33 

10-4 

Gum       .... 

IM 

7-2 

Loss        .... 

6-3 

7-8 

100  Dig,uzeulp(Lv.OgIe 
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Perhaps  no  great  dd|[ree  of  faith  is  to  be  placed  in  these  analyses.  If 
they  are  to  be  depended  upon,  they  show  that  veiy  remarkable  difier- 
ences  indeed  may  exist  in  the  relative  proportions  of  some  of  the  consti- 
tuents of  rye  flour.  The  flour  of  rye  is  said  to  be  more  absorbent  of 
moisture  from  tbe  air  than  that  of  any  other  grain.* 

Rye  delights  in  a  sandy  soil,  and  is  cultivated  in  general  in  such  as 
are  poor  in  vegetable  matter,  and  to  which  manure  is  not  very  abun- 
dantly added.  The  experiments  of  Hermbstadt,  whose  results  are  ex- 
hibited in  tlie  following  table,  d9  not  show  any  very  striking  difference 
to  have  been  produced  upon  the  composition  of  the  grain  by  the  use  of 
the  difierent  animal  manures : — 

^''''"'    I  I  llil:||g  lll^lil 

Ox  Blood 10  1  10-4  120  3-6  522  36  6-2  10  08  14 

Nightaoil 100  10-7  11-9  32  S2-4  3  6  63  0  9  09  13^ 

Bheep'aduDC...  10  0  10-8  U-9  34  52*3  3-6  6-1  M  0-6  13 

Ooat'adanc.  ...100  10-8  11-9  34  62-2  3-6  60  1-0  0-9  12| 

Human  urine...  10  1  lO-A  120  35  602  3-3  4-9  11  42  13 

Honeduns 100  10^7  119  28  51-2  40  4-6  10  3-6  11 

Pigeon's  duos..  10-1  10-5  11-6  3*7  52-2  3-7  4*7  0-9  2-3  9 

Cowdung 100  10-4  10-8  20  543  3-9  6-7  0-9  1-8  9 

Vefct  manure..  100  10-7  8-8  2-6  661  48  6-2  0-9  1-7  6 

Unm&Dured 10  0  101  8-6  2-6  66-3  4*7  6-4  0-9  1-3  4 

The  above  table  exhibits  a  larger  increase  in  the  return  or  produce 
from  some  of  the  animal  manures  than  from  others,  but  we  do  not  see 
any  of  those  remarkable  differences  in  the  composition  of  the  flour,  which 
are  observable  in  the  results  obtained  by  the  application  of  different 
manures  to  the  wheat  crop. 

The  substance  extracted  from  rye,  and  called  gluten  by  Hermbstadt,  is 
difierent  from  the  gluten  of  wheat,  and  is  more  like  the  glutine  extracted 
from  the  latter  grain.  When  dough  made  of  rye  flour  is  washed  in 
water,  it  nearly  all  diffuses  itself  through  the  liquid,  leaving  little  more 
than  the  husk  or  bran  behind.  The  starch  deposits  itself  from  the  milky 
liquid,  or  may  be  separated  by  the  Alter.  When  the  liquid  is  cvaporateid 
to  dryness,  and  the  dry  mass  boiled  in  alcohol,  the  so-called  gluten  is 
dissolved  out,  and  may  be  separated  from  the  alcohol  by  distillation.  It 
must  then  be  washed  with  water  to  free  it  from  sugar.  Like  the  gluten 
of  wheat,  it  is  now  insoluble  in  water,  and  is  less  cohesive  than  ^uten. 
Both  of  these  forms  of  gluten  are  supposed  to  have  the  same  composi- 
tion as  vegetable  fibrin  and  albumen,  and  as  the  curd  of  milk. 

§  17.  Componiion  of  rice^  maize  (Indian  com),  and  buck-wheat, 
1°.  Rice  is  usually  supposed  to  differ  from  other  kinds  of  grain  by  the 
larger  proportion  of  starcn  which  it  contains. 

The  large  quantities  of  rice  consumed  by  the  native  inhabitants  of 
India,  and  of  other  warm  countries,  has  oflen  appeared  surprizing  to 
foreigners.  Chemists  have  explained  this  alleged  fact  by  supposing  the 
small  per-centage  of  gluten  contained  in  rice,  as  shown  by  the  following 
analyses,  to  be  insufficient  for  the  sustenance  of  the  wxiy — ^when  no 
other  food  is  used — imless  this  grain  be  eaten  in  exceedingly  large  quan- 

*  A  Mimple  of  rye  meal,  dried  in  m?  laboratory,  lott  only  14H  per  cent  of  water,  and  of 
rye  bread  letaened  44,  aod  ytoMUd  46  per  cent  Thla  rye  meal  may  possibly  have  been 
mixed. 
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tities.  It  is  probable,  however,  that  the  nitrogen^uti  coostitoests  of  rice 
are  stated  too  low  in  the  analyses  of  Braconnot,  and  that  it  contains  albu- 
men or  casein,  or  some  analogous  substance,  which  has  been  passed  oyer 
by  this  chemist.  A  series  of  carefully  repeated  analyses  of  difierent 
varieties  of  rice,  if  it  did  not  modify,  would  at  least  fix  our  present  opin- 
ions in  regard  to  its  theoretical  value  as  food  for  man.* 

Two  samples  of  rice  examined  by  Braconnot,  were  found  by  him  to 
be  composed  of— 

Carolina.^  Piedmont 

Water    ....      60  7-0 

4-8 
3-6 
83-8 
0-05 
0-1 
0-25 
0*4 


Husk      .     .     . 

4-8 

Gluten    .     .     . 

3-6 

Starch    .     .     . 

85-07 

Sugar     .     .    . 

.      0-3 

Gum      .    .    . 

0-7 

Oil 

013 

Phosphates      . 

0-4 

100  100 

2^.  Maize  or  Indian  com  is  celebrated  for  the  large  return  of  food 
which  it  yields  from  a  given  extent  of  land,  and  for  its  remarkably  fat- 
tening qualities  when  given  to  poultry,  pigs,  and  cattle.  Bucktokeal 
is  also  a  very  nourishing  grain.     They  consist  respectively  of— 

D17  maise  (Pajeo).  Buckwheat  (Zenneck). 

5-0  26-9 

1-2  10-7 

71  62-3 

0-5  8-3 

8-9  0-4 

5-05  r- 

1-8  ? 


Husk 

Gluten,  60c. 

Starch 

Sugar  and  gum 

Fatty  matter 

Colouring  matter 

Salts 


24-53t  98-6 

The  above  analysis  of  maize  must  be  incorrect,  as  it  supposes  the  fatty 
matter  to  amount  to  nearly  36  per  cent,  of  the  weight  of  the  com. 
Dumas  has  lately  stated  it  at  8-9  per  c<«^— instead  of  8-9  in  24-65  parts, 
as  found  by  Payen— and  Liebig  denies  that  Indian  corn  contains  m<Mne 
than  6  per  cent,  of  fatty  matter.  New  analyses,  therefore,  are  required 
of  this  grain  also.  Indeed  it  may  be  said  in  general  of  all  the  substances 
used,  especially  in  feeding  animals,  that  we  have  not  yet  the  requisite 
knowledge  to  enable  us  to  reason  accurately  in  regard  to  the  special  ope- 
ration of  each  in  sustaining  the  body  or  in  promoting  the  growth  of  fai.t 

•  Five  Tarletiee  of  Hce,  aa  il  la  aold  In  ihe  ahopa,  examined  in  my  laboratonr,  kwt  of  wster 
and  fave  of  asb  per  cent.  renpectlTeljr— 

„  ^      _  Waier.  Ash.  Water.  Aah. 

Madru  rice    ....    13  C  058  I  CAroIina  rice     ...    130  0  33 

Beiiffalric«    ....    131  0-45  Do.  flour.    .    14-6  0-36 

Patoa  rice       ....    131  O-X  | 

The  water  In  rheae  samplea  Is  very  mnch  grealer  tlian  In  thoae  examined  by  BraconnoL  By 
ezporare  to  the  air  the  rice  in  a  f»w  days  re-ab«orbe<i  neariy  all  il  had  lost  by  drying.  The 
aah  or  nee  conialna  more  alkaline  matter  than  that  of  wheat,and  ia  very  difficult  to  bam  white. 

t  Dumae,  TYaiti  de  CKwiie,  vi.,  p.  394. 
lea  of  ^iS^a^JthjIJS  ITpSr"^"^  ^  "^  laboratory,  tort  of  water  13«  per  cent,  and 
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§  18.  On  die  alleged  general  effect  of  different  manures  in  modifying  the 
amount  of  gluten  and  albumen  in  wheats  barley^  oats,  and  rye. 

Among  the  general  deductions  in  regard  to  the  special  influence  of 
manures  upon  the  quality  of  the  grain  we  reap,  that  which  has  been  re- 
ceived with  the  greatest  confidence  is  this — that  the  richer  in  nitrogen  the 
manure  we  apply^  the  richer  in  gluten  the  grain  toe  reap. 

The  only  experiments,  having  any  pretensions  to  accuracy,  by  which 
this  opinion  has  hitherto  been  supported,  are  those  of  Hermbstadt.  The 
results  of  these  experiments  are  contained  in  the  four  tables  to  which  I 
have  directed  your  attention  under  the  heads  of  wheat,  barley,  oats,  and 
rye.  A*  the  opinion  founded  upon  them  is  one  which,  if  correct,  is  of 
great  practical  value, — it  will  be  proper  to  examine  the  experiments  them- 
selves a  little  more  narrowly.  Are  they  really  deserving  of  implicit 
credit  ?     Do  tliey  justify  the  conclusion  that  has  been  drawn  from  them  ? 

Turn  first  to  the  experiments  upon  wheat,  of  which  the  results  are 
embodied  in  the  following  table,  repeated  from  page  503  :— 

'i  ^.    l's>  ^«>  is    i^   t^    ft»  ^A  si 

02    kS     u-o     cs-o    k§    m%     »<•§     u-§   >:    §   pg 

lUuun UroM.  U  fold.  W  fold.  Ufold.  12  fold.  10 fold.  9 fold.  7  fold.  6  fold.  SfoU. 

W»lcr 4-3  4-2  42  4*3  42  43  43  4-2  4-2  4*2 

Gluten 34-2  339  32*9  32-9  351  13-7  12-2  120  9-6  92 

Albumen 10  1-3  r3  1-3  1-4  11  09  10  0-8  07 

Siarch 41-3  41-4  428  424  39-9  616  632  623  669  66-6 

Sugar 1-9  1-6  IS  1-5  14  1-6  1-9  1-fi  1-9  19 

Gum 1-8  1-6  1-5  1-6  1-6  16  19  1-9  1-6  18 

FattyOil 09  II  10  09  10  10  09  1-0  10  10 

8olublePbo«phates,4&c  0-5  0-6  0*7  07  0-9  06  05  0  6  0*6  0*3 

Husk  and  bran 13-9  140  13  8  14-2  14-2  14  0  140  14*9  14  0  140 

9?i     99-7     99-7      997     997     99-6      998     997     «kB     99T 

1°.  Water  present. — The  water  in  each  of  these  10  specimens  of  grain 
was  nearly  the  same,  about  4|  per  cent.  I  have  already  stated  the  quan- 
tity of  water  in  English  flour  to  amount  to  about  16  per  cent,  on  an  ave- 
rage. Many  samples  of  wheat  also  have  been  dried  in  my  laboratory. 
From  the  results  I  extract  the  following,  showing  the  water  lost  by  corn 
grown  in  four  different  parts  of  the  world  : — 

English,  Lammas  red 15'1  per  cent. 

Seminoff  wheat 13-2       " 

St.  Petersburg 16-1       ** 

Burletta  wheat 13-1       " 

This  weight  of  water  is  lost  when  the  grain,  as  it  is  sold  in  the  market, 
is  crushed  and  then  heated  to  a  temperature  not  exceeding  220°  as  long 
as  it  loses  weight. 

The  above  quantities  of  water  are  very  much  greater  than  those  found 
in  the  wheats  of  Hermbstadt.  I  cannot  offer  these  results,  however,  as  a 
/?roo/* of  inaccuracy  on  the  part  of  this  experimenter,  as  I  have  not  had 
access  to  his  original  memoir.  It  is  only  faur  towards  him,  therefore,  to 
conclude  that,  before  they  w^ere  subjected  to  analysis,  his  wheats  had  been 
artificially  dried  in  a  very  considerable  degree. 

2°.  Oil  in  the  different  samples. — Again,  it  appears  remarkable  that 
tlie  quantity  of  oil  in  all  the  samples  of  wheat  in  the  above  table  is  nearly 
identical,  and  is  also  very  small.  I  have  examined  the  fine  flour  yielded 
by  several  samples  of  the  same  wheat,  grown  by  Mr.  Burnet,  of  Gad- 
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girth,  upon  the  same  field,  but  dressed  with  different  manures,  [Appen* 
dix,  pp.  65  and  71,]  and  the  proportions  of  oil  which  they  yielded  in 
the  state  in  which  they  came  from  ihe  mill,  were  as  follows : — 

Per  ceoL 

1°.  From  the  undressed  soil 1'4 

2°.  Dressed  with  guano  and  wood-ash 1'9 

3°.  With  artificial  guano  and  wood-ash 2-2 

4**.  Sulphated  urine  and  wood-ash 2-2 

6°.  Do.         do.        and  sulphate  of  soda 2*0 

6®.  Do.         do.         and  common  salt 2*7 

7**.  Do.         do.         and  nitrate  of  soda 2*3 

The  two  facts — that  the  cjaantity  of  oil  in  nearly  all  the  above  sam- 
ples is  so  much  greater  than  was  found  by  Hermbstadt  in  any  of  his 
specimens,  and  that  the  proportion  varied  with  the  kind  of  manure  with 
which  the  wheat  had  been  dressed — ^ihese  two  facts,  I  think,  show  that 
the  analyses  of  Hermbstadt  have  not  been  made  with  such  a  degree  of 
accuracy  as  to  justify  us  in  relying  with  confidence  upon  the  general  de- 
ductions to  which  they  seem  to  lead. 

3°.  Relative  effects  of  these  manures  vpon  different  crops. — If  we  com- 
pare together  the  relative  proportions  of  gluten  and  albumen  contained  in 
the  several  samples  of  wlieat,  barley,  oats,  and  rye,  examined  by 
Hermbstadt,  and  exhibited  in  his  tabes,  we  shall  find  that  the  effects  of 
his  manures  were  by  no  means  unifo'  m  upon  the  several  crops.  Thus, 
when  manured  with — 

The  gluten  and  albumen  per  cent, 
laken  together  were  in  the 
KiDd  of  Manure.  Wh^at.     Uniipy.     Onrs.      Rye. 

Ox  blood    ....      ::52      


61' 

5-4 

156 

6'3 

50 

151 

61 

45 

153 

61 

4-9 

15-5 

61 

45 

147 

60 

35 

153 

3-5 

3-4 

128 

30 

21 

11-2 

Night  soil    .  .  .  .        35  2 

Sheep's  dung  .  .  .        312 

Human  urine  .  .  .        36  5 

Horse  dung  14*8 

Pigeon's  dung  .  13*1 

Cow  dung  .  .  .  13  0 
Nothing      ....          99 

Upon  the  numbers  in  this  table  I  offer  you  the  following  remarks  :— 
a.  Upon  the  wheat,  the  effect  of  the  horse  and  pigeon^  dung,  in  in- 
creasing the  amount  of  gluten  and  albumen,  was  little  more  Uian  one- 
fiffh  of  that  produced  by  the  sheep's  dung.     Thus  the  wheat  contained 
of  gluten  and  albumen, — 

Per  cent  locreaae  of  gluten. 

Undressed 9*9  — 

With  sheep's  dung     ...    34"  1  24*2  per  cent. 

With  horse  dung    ....     14'7  4'8 

With  pigeon's  dung    .     .     .     13'1  3*2 

But  we  have  seen  (p.  470)  that  in  so  far  as  the  nitrogen  is  concerned, 
dry  horse  and  sheep* s  dung  ought  to  produce  equal  effects,  while  pigeon's 
dung  should  have  three  times  the  effect  of  either,*  Whatever  be  the 
cause  of  the  increased  proportion  of  gluten  in  the  experimental  wheats 
of  Hermbstadt,  it  cannot,  therefore,  have  been  owing  solely  to  the  pro- 
portion of  nitrogen  in  the  manures  he  applied. 

.  *  23  of  dz7  pigeon's  dung  are  equal  lo  66  of  sheep's,  or  64  of  horse's  dung. 
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6.  Again,  upon  the  barley,  oats,  and  rye,  the  sheep's  dang  produced 
little  more  effect  than  the  horse's  dunir.  It  might  be  said  that  this  was 
because  these  two  manures  contain  nearly  the  same  proportions  of  nitro- 
gen. But  if  so,  why  did  they  not  produce  like  effects  also  upon  the 
wheat  ?— and  why  did  pigeon's  dung  impart  less  gluten  than  either,  to 
all  these  varieties  of  grain  ? 

c.  The  unsatisfactory  nature  of  these  experiments  is  still  more  clearly 
seen  when  we  compare  the  relative  proportions  of  nitrogen,  contained  in 
the  several  manures  applied,  with  the  proportions  of  the  same  element 
contained  in  the  several  crops  to  which  these  manures  had  been  added. 

This  comparison  is  made  in  the  following  table— the  quantity  of  nitro- 
gen in  sheep's  dung  and  in  the  crops  manured  with  it  being  called 
100  :— 

Proportions  o(      Proportions  of  nitroKen  added  to  the 
Manure  appUcJ.         SlemSHure.  crop  by  each  manure.' 

Wheat.    Barley.     Oats.        Rye. 
Sheep's  dunj.    .    .        100  100        100        100        100 

'     Horse  dung    ...        103  16  75        100  66 

Pigeon's  dung     .     .        300  9  48  43  55 

Cow  dung      ...         97  6  1  60         22 

The  relation  which  exists  araonsf  the  numbers  in  the  first  of  the  above 
columns,  is  totally  unlike  that  which  exists  among  those  in  any  of  the 
others.  In  none  of  Ui^  crops  does  the  quantity  of  nitrogen  in  the  manure 
hear  a  perceptible  relation  to  that  contained  in  the  grain  tliat  toas  reaped- 
The  theory,  therefore,  that  the  quantity  of  gluten  in  the  crop  is  always 
determined  by  that  in  the  manure,  and  that  the  amount  of  gluten  in  tne 
grain,  we  reap  may  at  pleasure  be  increased  by  the  use  of  manures 
which  are  rich  in  nitroofen— ^f*  theory  derives  in  reality  no  solid  support 

{'rom  the  experiments  of  Hennbstadt.  The  theory  may  indeed  be  correct, 
ut  it  is  not  sustained  by  any  rigorous  experiments  iiitherto  made — and 
tlie  prudent  man  will  place  little  reliance  upon  it,,  until  its  correctness 
shall  have  been  proved  by  future  and  more  rigorously  conducted  investi- 
gations. 

§  19.  Composition  of  peas,  beans,  and  vetches. 

The  seeds  of  leguminous  plants  in  general  contain  a  large  quantity  of 
a  substance — very  analogous  to  the  gluten  of  wheat — to  which  the  name 
of  legumin  has  been  given. 

To  extract  this  legumin,  bniised  beans,  peas,  or  vetches,  are  steeped 
in  tepid  water  for  some  hours,  then  rubbed  to  a  pulp  in  a  mortar  with 
their  own  weight  of  warm  water,  and,  alter  an  hour,  strained  through 
linen.  The  strained  liquid  deposits,  at  first,  a  quantity  of  starch,  but  is 
obtained  nearly  clear  by  filtration.  To  the  filtered  solution  diluted 
acetic  acid  (vinegar)  or  sulphuric  acid  is  added  in  small  quantity,  when 
the  legumin  coagulates  and  falls  in  the  form  of  nearly  insoluble  flocks, 

*  Theee  coHimna  are  caleolated  by  moUiptying  rofether  the  increaae  or  crop  and  the  in- 
crease in  the  per  centage  of  gluten  and  albumen.    Thus  in  the  caae  of  wheat- 
Increase  or  crop.    Increase  of  gluten.    Product    Proportlooe. 

Bheep*s  dung 9  fold       X       21-3  per  cent    =    218-7    =    100 

Horse  dung 7  fold       X         4^  P^r  c«n(-    =     ^'3    =     16 

Pigeon's  dung 6  fold       V        ^'^  P^^  ^^'^^    z=     19  2   =       9 

Cow  dung 4  fold       X        3  J  per  centea^^J^l/^^    « 

22*  *^ 
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which  are  easily  collected  on  a  filter.  The  addition  of  an  excess  of  arid 
will  re-dissolve  the  coagulated  leguuiin,  which  is  again  thrown  down  by 
a  few  drops  of  a  solution  of  carU>nate  of  soda  or  of  ammonia ;  a  slight 
excess  of  either  of  the  latter,  however,  will  cause  tlie  precipitate  a  second 
time  to  disappear.  The  legumin  of  the  pea  and  bean,  therefore,  differs 
from  the  eluten  of  wheat,  in  being  soluble  in  water  (Dumas),  and  in  very 
dilute  acid  or  alcaiine  solutions. 

The  solution  of  legumin  in  water  is  coagulated  when  heated  nearly  to 
boiline ,  in  which  respect  it  resembles  albumen  (white  of  egg),  and  it  is  also 
coagulated  by  rennet,  in  which,  and  in  its  relations  to  acids  and  alcalies, 
it  resembles  auein,  the  curd  of  milk.  Legumin  has,  indeed,  by  Liebig, 
been  called  vegetable  casein,  from  an  impression  that  it  is  identical  in 
composition  and  properties  with  the  pure  curd  of  milk. 

The  semi-transparent  solution  of  legumin  in  water,  obtained  direcdy 
from  beans  or  peas,  gradually  becomes  opaque,  and  slowly  deposits  the 
legumin  in  an  insoluble  staie.  This  is  owing  to  the  production  of  a 
small  quantity  tA  acid  by  the  decomposition  of  the  sugar  or  other  sub- 
stances present  in  the  liquid.  This  acid  slowly  coagulates  tlie  legumin 
in  the  same  way  as  when  dilute  acids  are  artihcially  added  to  the  solu- 
tion. It  is  proper  to  mention  that  other  chemists  consider  legumin,  like 
casein,  [see  the  following  lecture,]  to  be  nearly  insoluble  in  water,  and 
that  in  the  solutions  from  the  bean  and  the  pea  it  is  rendered  soluble  by 
the  presence  of  a  little  potash,  soda,  or  lime — the  liquid  becoming  turbid 
as  soon  as  a  quantity  of  acid  is  formed  to  combine  with  these  alcaiine 
substances.  According  to  Dumas,  pure  legumin  dried  in  vacuo  at  284^ 
F.  consists  of— 


Pibrifi 

Albumen 

OluriM 

CaMla 

Legumin. 

of 

of 

of 

of 

Wheat. 

Wheat 

Wheat 

Wheat 

Carbon  .    •    .    • 

.    50-4 

53-23 
701 

53-74 
711 

5305 

717 

53-46 

Hydrogen  .    .    . 

.      69 

713 

Nitrogen     .    .    . 

.     18-2 

1641 

15-65 

1594 

16-04 

Oxygen,  sulphur, 

& 

phosph.  .    .    . 

.    245 

2335 

23  50 

23-84 

2337 

100         100  100  100  100 

For  the  purpose  of  comparison,  I  have  inserted  the  composition,  ac- 
cording to  the  same  chemist,  of  the  several  nitrogenous  compounds  ex- 
isting in  wheat. 

If  these  analyses  be  correct,  legumin  contains  more  nitrogen  than  the 
fibrin,  the  albumen,  the  glutine,  or  the  casein  of  wheat,  and  is  almost 
identical  with  the  gelatine  <3*  bones.  The  important  conseciucnce  deduced 
firam  this  fact,  by  Dumas,  ia  reference  to  the  feeding  of  animals,  we  shall 
consider  in  a  subsequent  lecture. 

Above,  I  have  given  the  composition  of  legumin,  the  nitrogenous 
principles  contained  in  pjeas  and  beans,  as  found  by  Dumas,  from  which 
It  would  appear  to  contain  more  nitrogen  than  any  of  the  other  vegetable 

Srinciples  hitherto  found  in  cultivated  grains.     The  legumin  analysed  by 
Furnas  was  extracted  from  »weet  almonds. 

Since  the  preceding  sheet  was  prepared  for  press,  a  further  analysis  of 
legumin,  extracted  from  beans,  has  been  published  by  Rochleder,*  which 

•  Annaltn  dsr  Chem.  «r  Phamtade,  xlrt.,  p.  166i 
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does  fiot  agree  with  that  of  Dumas,  but  represents  this  legnmin  as  iden- 
tical with  casein,  the  curd  of  milk  (see  the  following  lecture),  and  as  dif- 
fering in  properties  as  well  as  in  composition  An  that  of  the  almond. 

The  legumin  of  beans  and  peas  is  soluble  in  cold  water,  and  the  solu- 
tion, upon  evaporation,  f4)rms  a  skin  on  the  surface  which  is  renewed  as 
often  as  it  is  removed.  It  is  not  coagulated  by  boilins,  but  is  immediately 
thrown  down  in  fine  flocks  by  acetic  acid,  which,  when  added  in  excess, 
does  not  redissolve  it  (Liebig). 

The  legumin  from  sweet  almonds  is  also  soluble  in  cold  water,  but, 
like  albumen,  falls  in  flocks  when  the  solution  is  heated  nearly  to  boil- 
ing* It  is  precipitated  also  by  diluted  acetic  add,  and  is  again  dissolved 
when  an  excess  of  this  acid  is  added  (Dumas). 

The  two  substances,  therefore,  are  different  in  their  properties.  Their 
constitution  is  represented  respectively  by— 

LBOTTlXIM  FROM 

Beans  Sweet  almondc 

(Rocbledcr).  (Duma«). 

Carbon        ....        54'5  50-4 

Hydrogen    ....          7-4  6-9 

Nitrogen      ....         14-8  18-2 

Oxygen       ....        23-3  24-5 

100  100 

When  we  come  to  consider  the  feeding  of  animals,  we  shall  find  that 
this  difference  in  the  composition  of  the  two  varieties  will  materially  af- 
fect the  view  we  must  take  in  regard  to  the  action  of  each  in  contributing 
to  the  support  of  the  various  parts  of  the  animal  body. 

The  approximate  composuion  of  the  entire  peas  and  beans  is  thus 
stated  by  Einhof.     [Zierl  Kncyclopeedie^  ii.,  p.  52]. 

CompcMdtion  of  the  ^am.         Composirion  of  (he  meaL 

Water.       Busk.       Meal.         Starch.  Legumin.  GuiD,4tc. 

Peas 140        105        75  5         650         23        13 

Field  Beans    .    .    .    15  5        162        66  3         690  19        12 

A  series  of  rigorous  analyses  of  the  seeds  of  leguminous  plants  is  at 
present  much  to  be  desired.  According  to  those  ^fBraconnot  and  Einhof, 
certain  species  examined  by  them  consisted  of— 

Kidney     Field  beana,      Lentils, 
Peaa.  beans.        (Einhof.)         dried' 

(Einhof) 

Water •    125  23  0  15-6 

Husk       8  3  70  100  18-7 

Legumin, albumen,  &c..    26-4  236  117  38-5 

StMch      ......    43-6  430  501  328 

Sugur 20  02  g^  31 

Gum,&c 40  1-5  ^-^  60 

Oil  and  fat 1-2  07  1  % 

Salts  and  loss    ....      2*0  10  44  0^ 

1000  1000  1000  lOOOt 

These  analyses  agree  in  showing  that  the  seeds  of  leguminous  plants 

*  By  drying,  the  lentils  lost  14  per  cent,  of  water. 

tDumM  TrtdU  de  Ckimie,  vl.  p.  307,  comnarad  with  Thonwpn's  VareUfU  Chemfatry, 
p.  884,  SchtkblH^  A^rictOtM-  Chemie,  U.,  p.  194,  and  Sprwigel's  Chenue  JUr  Londmrthe,  11. t 
p.  966. 
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ore  especially  rich  in  sabstances  containing  nitrogen  (legnmin  and  allni* 
men),  and  are  therefcire  fitted  to  contribute  much  to  the  nourishment  of 
those  animals  which,  11  consequence  of  the  state  of  their  growth  and 
health,  or  the  purposes  for  which  they  are  reared  and  maintainedt  require 
a  large  supply  of  this  important  element. 

§  20.  Effect  of  soils  and  manures  upon  the  quality  of  peas  and  beans. 

The  quality  of  the  seeds  of  leguminous  plants  is  also  afiected  by  the 
mode  of  culture  to  which  they  are  subjected,  and  by  the  kind  of  soil  in 
which  they  are  raised. 

1°.  Eject  of  animal  fftanttre^.— The  dung  "  of  sheep  or  horses  has 
been  found  to  impart  a  better  flavour  to  the  pea,  and  to  render  the  husk 
tJiinner  than  when  diat  of  hogs  or  oxen  has  been  used.**  [British  Hus- 
bandry, ii.,  p.  217.] 

2°.  Effect  of  mineral  manurM.— The  effect  of  gypsum  and  of  other 
sulphates  upon  leguminous  plants  is  universally  known  (p.  482.)  The 
beneficial  influence  of  a  mixture  of  gypsum  and  common  salt  upon 
sickly  crops  of  beans  and  peas  is  very  strikingly  displayed  in  the  inter- 
esting experiments  of  Mr.  Alexander,  of  Southbar,  to  the  details  of  which 
I  have  already  had  occasion  lo  draw  your  attention.  [See  Appendix,  p. 
217.] 

3°.  Effect  of  lims, ^Dr.  Anderson  says,  ♦»that  the  pea  cannot  be 
reared  to  perfection  in  any  field  which  has  not  been  either  naturally  or 
artificially  impregnated  with  some  calcareous  matter,"  but  that  "  a  soil 
which  could  hardly  have  brought  a  single  pea  to  perfection,  although 
richly  manured  with  dung,  if  once  limed,  will  be  capable  of  producing 
abundant  crops  of  peas  ever  (?)  afterwards,  if  duly  prepared  in  other  re- 
spects."    [Essays,  ii.,  p.  302.1 

4°.  Boiling  or  melting  quality  of  peas. — ^But  the  most  singular  cir- 
cumstance in  connection  wiili  this  class  of  seeds,  to  which  the  agricul- 
tural chemist  has  hitherto  been  directed,  is  the  property  possessed  by 
peas  and  beans  of  boiling  soft  or  mouldering  into  a  pulp  more  or  less 
easily,  according  to  the  kind  of  land  in  which  they  are  raised  or  to  the 
species  of  manure  nith  which  they  are  dressed.  The  observations, 
however,  which  I  have  found  upon  record  in  reference  to  this  point  are 
of  a  contradictory  character.     Tnus— 

a,  Sprengel  says  "  that  peas  which  are  raised  after  liming  or  marline 
hoU  soji  more  easily^  and  are  more  agreeable  to  the  taste  than  when  raised 
after  manure."     [Die  Lchre  vom  Diinger,  p.  297.1 

6.  A  French  authority,  on  the  other  hand,  quoted  by  London,  [Ency- 
clopaedia of  Agriculture,  p.  837,]  says,  that  •'  siiflT  land  or  sandy  land 
that  has  been  limed  or  marled,  or  to  which  gypsum  has  been  applied, 
produces  peas  that  will  not  melt  in  boiling,  no  matter  what  the  variety 
may  be.  The  same  eflect  is  produced  on  the  seeds  and  pods  of  beans 
and  of  all  leguminous  plants.  To  counteract  this  fault  in  the  boiling,  it 
is  only  necessary  to  throw  into  the  water  a  small  quantity  of  the  com- 
mon soda  of  the  shops." 

c.  The  author  of  the  British  HtisbandrVj  [ii.,  p.  217,]  says,  **  that 
shell  marl  or  lime  is  found  to  forward  this  crop  more  dian  any  other 
mineral  manure,  though  it  is  said  to  communicate  a  degree  of  hardness 
to  the  grain  which  renders  it  unfit  for  boiling." 
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Indqiendentiy  of  all  applications  to  the  soil,  I  believe  it  is  generally 
tjibserv^d  that  good  boilers  are  produced  upon  light,  sandy,  and  gravelly 
soils ;  while  heavy,  wet,  undrained  (and  newly  broken  up  ?)  land  usually 
produces  bad  boiling  peas  and  beans.  Tlius  melting  peas  (sidder  i)ea9, 
as  they  are  locally  called^  for  the  Birmingham  market  are  grown  on  the 
slopes  of  the  gravelly  hill  of  Hopwas«  two  miles  from  Tamworth,  on 
the  Lichfield  road— the  red  clay  lands  of  the  vale  of  the  Tame  produc- 
ing in  general  pig*  peas  or  beans  only.  It  is  on  similar  soils  that  melt- 
ing barley  ana  mealy  potatoes  are  produced,  and  the  efiect  upon  the 
three  crops  may  probably  be  due  to  a  common  cause. 

At  all  events  it  is  probable*- 

a.  That  the  boiling  quality  of  the  pea  crop  is  not  owing  to  the  qual- 
ity of  the  seed—since  peas  of  both  varieties  have  been  raised  from  tlie 
same  seed.f 

5.  That  it  is  not  generally  owing  to  the  seasons,  since  some  land  pro- 
duces hard  peas  every  year.  If  the  wetness  of  the  soil  indeed  have  any 
influencet  a  rainy  season  may  cause  the  production  of  bad  boilers  upon 
land  from  which  soft  peas  are  usually  reaped. 

40.  Chemital  difference  between  the  two  varieties  of  pea.^—'Why  does 
one  of  these  varieties  of  pea  melt  more  readily  than  the  other  f  For 
the  same  reason  very  nearly  that  one  potatoe  boils  mealy,  and  another 
waxy,  and  ihat  one  sample  of  barley  melts  belter  in  the  mash-tub  than 
another.  Melting  peas  and  barley  and  mealy  potatoes  contain  a  larger 
proportion  of  starch  Uian  samples  which  are  possessed  of  an  opposite 
quality. 

The  pea,  as  we  have  seen,  consists  essentially  of  legumin  and  starch. 
The  former  coagulates  and  contracts,  or  runs  together  into  a  mass  by 
boiling,— the  latter,  on  the  contrary,  expands,  becomes  more  bulky,  tends 
to  burst  the  husk,  and  to  separate  into  single  grains.  If  the  tendency  to 
contract  and  cohere  be  greater  tiian  the  disposition  to  expand  and  sepa- 
rate—in other  words,  if  the  legumin  predominate— the  pea  does  not  melt, 
while  if  the  starch  be  abundant  the  pea  boils  well.  It  is  possible  that 
the  addition  of  a  litde  soda  may  cause  hard  peas  to  melt,  since  legumin 
is  soluble  in  a  solution  of  soda,  but  in  waters  impregnated  with  lime  all 
peas  are  said  to  boil  sofl  much  less  readily  than  m  such  as  are  free  from 
that  ingredient.     [Dumas,  Traits  de  Chimie,  vi.] 

It  is  only  when  peas  and  beans  are  raised  for  the  food  of  man  that  the 
possession  of  the  melting  property  becomes  a  matter  of  importance.  It 
is  rather  because  they  are  more  agreeable  to  the  palate  than  because  they 
are  ascertained  to  be  mure  nutritive,  that  they  are  preferred  in  this  state. 
When  we  come  to  consider  the  feeding  of  stock,  we  shall  see  that,  ac- 
cording to  the  present  state  of  our  knowledge,  the  opinion  may  rea- 
aonably  be  entertained  that  insoluble  peas  are  really  better  adapted  tor  the 
feeding  and  fattening  pigs  and  other  stock— the  purpose  for  which  they 
are  employed— than  those  which  are  possessed  of  the  melting  quality. 

It  is  a  difierence  in  the  chemical  composition  of  the  seeds  of  legumi- 
nous plants  that  makes  them  melt  more  or  less  easily-^but  by  what 

*  Mocb  naed  for  Uie  foedtog  of  pigf. 

t  SomeilbweYer  fuppoaa  it  to  depend  npon  the  age  of  the  teed,  or  the  time  of  sowiiig. 
-^BrltUk  Uu9bandrp,  li.,  p.  217. 
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Quality  in  the  soil  or  manure  is  this  difference  in  composition  produced  f 
jfn  regard  to  lime  the  evidence  is  contradictory.  Gy{>sum  may  render 
them  harder  since  legurain  contains  sulphur,  and  a  portion  of  the  eflfect 
of  gypsum  upon  leguminous  crops  is  supposed  to  arise  from  its  yielding 
sulphur  to  the  growmg  plants,  and  thus  promoting  the  production  of  le- 
gumin.  Wet  and  clay  lands  also  favour  the  production  of  legumin 
more  than  that  of  starch^but  in  what  way,  we  are  not  yet  in  possessioD 
of  experimental  results  of  sufficient  accuracy  to  enable  us  to  say. 

§  21.  Of  the  composition  of  potatoes^  and  the  effect  of  circumstances  tfi 
modifying  their  cmnposition, 

1^.  Composition  o/*j9ctoto6«.— Potatoes,  in  addition  to  much  water, 
consist  of  starch,  gum,  woody  fibre,  and  albumen.  The  {voportions  of 
these  several  constituents  are  very  variable.  Thus,  according  to 
Einhof  and  Lampadius,  the  following  kinds  of  potatoe  consisted  in  100 
parts  of^-> 

2°.  Infiuenre  of  the  state  of  r7peneff«.— According  to  KOrte  the  quan- 
tity of  dry  solid  matter  contained  m  the  potatoe  depends  very  much  upon 
the  state  of  ri})ene88  to  which  it  has  attained.  The  ripest  leave  30  to  32 
per  cent,  of  dry  matter,  the  least  ripe  only  24  per  cent.  The  per 
centaffe  of  starch  varies  from  6  to  16  per  cent.  The  mean  result  of  his 
exammation  of  55  varieties  of  potatoe  gave  him  for  the  solid  matter  24*9, 
and  for  the  starch  11*65  per  cent.  [Schiibler,  Agricultur  Chemie,  ii.,  p. 
213.] 

3°.  Infuence  of  variety.— Much  appears  also  to  depend  upon  the 
variety  of  potatoe.  Thus  the  following  varieties  of  i)otatoe  grown  at 
Barrochan  in  Renfrewshire,  in  1842,  yielded  respectively— 

Connaught  cups        ....        21    per  cent,  of  starch. 

Irish  blacks 16^  *' 

White  dons 13  ** 

Red  dons lOJ  " 

-—while,  according  to  a  starch  manufacturer  in  the  neighbourhood,  11^ 
per  cent,  has  been  the  average  quantity  obtained  from  the  conomon 
rough  red  of  good  quality  during  the  last  four  years. 

The  difference  in  the  quantity  of  starch  yielded  by  the  above-named 
varieties  is  the  more  stnking  when  taken  in  connection  with  the  weight 
of  each  per  acre,  raised  from  the  same  land,  treated  in  the  same  way. 
These  weights  were  as  follows : — 

CoDtaising  of 
Manure.  Produce  per  acre.  atarch. 

C^,  with  4  cwt  of  guano  1^  ions  2^9  Cods. 

Rtd  bom,     with  4  ewL  of  guano  14|     **  1-5     " 

Tt%t/e  i^m,  with  8  cwt  of  guano  18|-    *«  24     " 

So  that,  of  these  three  crops,  that  of  cups,  which  weighed  the  leasts 

gave  the  largest  produce  of  starch.  It  yielded  nearly  twice  as  much  as 
le  red  dons^  which  were  half  a  ton  heavier,  and  one-fifth  more  than 
even  the  white  dons^  the  crop  of  which  was  greater  by  five  tons  an  acre. 
Such  difierences  as  these,  in  the  relative  quantities  of  starch,  which  may 
be  obtained  from  an  acre  of  the  same  land  by  the  growth  of  different  va- 
rieties of  potatoe  are  deserving  of  the  attentive  consideration  of  the  prac- 
tical man. 

See  AppMdis,  p.  61. 
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Larger  quantities  of  starch  than  any  of  those  above  stated  have  heen 
obtained  from  potatoes  by  some  experimenters.     Thus  from  the 

Per  cent,  of  MarclL 
Kidney  potatoe,  Dr.  Pearson  obtained        .        •        .      28  to  32 

Apple       do.      Sir  H.  Davy 18  to  20 

Shaw        do.       Vauquelin 18-8 

L'Orpheline  do 24-4 

The  drst  and  last  of  these  proportions  are  probably  very  rare  in  oui 
climate. 

4°.  Effect  of  keeping.^-Those  potatoes  are  said  to  keep  best  in  which 
the  starch  Is  most  abundant,  but  in  general  keeping  has  an  effect-— 

a.  On  the  proportion  of  starch. — By  keeping  till  the  spring,  potatoes 
lose  from  4  to  7  per  cent,  of  their  weight,  and  the  quantity  of  starch  they 
are  capable  of  yielding  suffers  a  considerable  diminution.  Thus,  ac- 
cording to  Payen,  the  same  variety  of  potatoe  yielded  of  starch  in 

October,         17-2  per  cent.  January,      15*5  per  cent. 

November,    16-3        *»  February,     15-2  " 

December,     15-6        »*  March,         15-0         " 

April,  14-5  " 

This  diminution  is  probably  owing  to  the  conversion  of  a  portion  of  the 
starch  into  sugar  and  gum.  When  potatoes  are  rendered  unfit  for  food 
by  being  frozen  and  suddenly  thawed,  the  quantity  of  starch  which  they 
are  capable  of  yielding  is  said  to  have  undergone  no  diminution. 

b.  On  the  proportion  of  gluten.-^The  proportion  of  gluten  also  ap- 
pears to  become  less  wnen  potatoes  are  kept.  Thus,  in  new  potatoes 
boussingault  found  the  gluten  amount  to  2j  per  cent.,  but  in  old  potatoes 
to  only  1 J  per  cent,  of  their  weight.  To  this  natural  diminution  of  the 
proportion  of  starch  and  gluten,  is  probably  to  be  ascribed  the  smaller 
value  in  the  feeding  of  stock,  which  experience  has  shown  very  old  po- 
tatoes to  possess. 

5«*.  Effect  of  soits  and  manures. — The  potatoe  thrives  best  on  a  light 
loamy  soil— neither  too  dry,  nor  too  moist.  The  most  agreeably  flavour- 
ed table  potatoes  are  almost  always  produced  from  newly  broken  up 
pasture  ground,  not  manured,  or  from  any  new  soil.  [Loudon's  Ency- 
clopasdia  of  Agriculture,  p.  847.]  When  the  soil  is  suitable,  they  delight 
in  much  rain,  and  hence  the  large  crops  of  potatoes  obtained  in  Ireland, 
in  Lancashire,  and  in  the  west  of  Scotland.  No  skill  will  enable 
the  farmer  to  produce  crops  of  equal  weight  on  the  east  coast  where 
rains  are  less  abundant.  It  has  not  been  shown,  however,  that  the  weighs 
of  starch  produced  in  the  less  rainy  districts  is  defective  in  an  equal  de- 
gree. Warm  climates  and  dry  seasons,  as  well  as  dry  soUs,  appear  to 
increase  the  per-centage  of  starch. 

Potatoes  are  considered  by  the  farmer  to  be  an  exhausting  crop,  and 
they  require  a  plentiful  supply  of  manure.  By  abundantly  manuring, 
however,  the  land  in  the  neighbourhood  of  some  of  our  large  towns, 
where  this  crop  is  valuable,  have  been  made  to  produce  potatoes  and 
corn  every  other  year,  for  a  very  lone  period. 

6®.  Influence  of  saline  manure^.— I  have  already  drawn  your  attention 
to  the  remarkable  influence  of  certain  saline  substances  in  promoting  the 
growth  of  the  potatoe  crop  in  some  localities.  The  most  striking  elects 
of  this  kind  hitherto  observed  in  our  island  have  been  produced  by  mix- 
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tures  of  the  nitrate  of  soda  with  the  sulphate  of  soda  or  with  the  sulphate 
of  magnesia.*  The  effect  of  such  mixtures  aflbrds  a  beautiful  illustratioc 
of  the  principle  I  have  frequently  before  had  occasion  to  press  upon  youi 
attention— that  plants  require  for  their  healthy  growth  a  constant  supply 
of  a  considerable  number  of  different  organic  and  inorganic  substances. 
Thus  upon  a  field  of  potatoes,  the  whole  of  w^hich  was  manured  alike 
with  40  cart  loads  of  dung,  the  addition  of— 

a.     Nitrate  of  soda  alone  gave  an  increase  of  3|  tons. 

Sulphate  of  soda  alone  gave      ...      0      " 

While  one  half  of  each  gave 


5.     Sulphate  of  ammonia  alone  gave 

Sulphate  of  soda 

But  one  half  of  each  gave      .     . 


Si 
0 


% 


9| 


c.  Nitrate  of  soda  alone  gave  .  . 
Sulphate  of  ma^esia  alone  gave 
And  one  half  of^each  gave     .     . 

These  results  are  very  interesting,  and  when  confirmed  by  future  re- 
iietitions  of  such  experiments — and  followed  up  by  an  examination  of 
the  quality  and  composition  of  the  several  samples  of  potatoes  produced— 
cannot  fail  to  lead  to  very  important  practical  conclusions. 

7**.  Occasional  failure  of  seed  potatoes .^^The  seeds  of  all  cultivated 
plants  are  known  at  times  to  fail,  and  the  necessity  of  an  occasional 
change  of  seed  is  recognised  in  almost  eve^  district.  In  the  Lowlands 
of  Scotland  potatoes  brought  from  the  IDghlands  are  generally  pre- 
ferred for  seed,  and  on  the  banks  of  the  Tyne  Scottish  potatoes  bring  a 
higher  price  for  seed  than  those  of  Ufitive  growth.  This  superior  qualify 
is  supjKised  by  some  to  arise  from  the  less  perfect  ripening  of  the  up-  land 
potatoes,  and  in  conformity  with  this  view  the  extensive  failures  which 
have  taken  place  during  the  present  summer  (1843)  have  been  ascribed 
to  the  unusual  degree  of  ripeness  attained  by  the  potatoes  during  the 
warm  dry  autumn  of  the  past  year. 

^  This  may  in  part  be  a  true  explanation  of  the  fact,  if— as  is  said — ^the 
ripest  potatoes  always  contain  the  largest  proportion  of  starch— since 
some  very  interesting  observations  of  Mr.  Stirrat,  of  Paisley,  would 
seem  to  indicate  tliat  whatever  increases  the  per-centage  of  starch,  in- 
creases also  the  risk  of  failure  in  potatoes  that  are  to  be  used  for  seed.\ 
This  subject  is  highly  deserving  of  further  investigation. 

*  For  the  puticokn  of  thete  experiments  see  the  Appendix. 

t  I  insert  Mr.  SUrt^t's  letter  upon  this  subject,  not  onljr  Iwcsuse  his  obsemtions  ere  fo* 
teresllos  in  themselves,  but  because  thej  sre  really  deserving  of  the  carefbl  attention  of 
praetlcal  men  :— 

<*  Sir,— The  following  experiment  with  potatoes  was  tried  with  the  view  of  discovering  the 
cause  of  so  many  failures  in  the  crops  of  late  Tears,  from  the  seed  not  vegetating,  and  zoiting 
In  the  ground.  I  had  an  idea  that  the  vegetative  principle  of  the  plant  might  become  weak 
In  consequence  of  being  crown  on  land  that  bed  been  a  long  time  subjected  to  cropping,  and 
not  allowed  any  length  of  time  to  lie  at  rest  I,  therefore,  raised  a  few  boUs  on  land  that  had 
Iain  lea  for  70  yean  (being  |NUt  of  my  bleach  green),  and  found  that  these  on  being  planted 
again  the  following  year  were  remarlcably  strung  and  healthy,  and  not  a  plant  gave  way,  and 
I  have  continued  the  same  method  for  the  last  six  years,  and  Ihe  result  has.  In  every  insfance, 
been  equally  favourable.    Four  yean  ago,  one  boll  of  my  seed  poutoes  was  planted  along 

12  *?t°'*  others  in  a  field  of  about  an  acre,  the  other  seed  was  grown  on  the  farm,  and  the 
seed  au  gave  way  exeepUng  that  got  bwn  me.    They  were  aQ  planted  at  the  same  tiae  and 
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8®.  Effect  of  saline  top- dressings  on  the  qtiality  of  the  seed. — It  may 
be  doubted,  however,  whether  the  relative  proportions  of  utarch  are  to  be 
considered  as  tJie  cause  of  the  relative  values  of  different  samples  of  seed 
potatoes.  This  proportion  may  prove  a  valuable  test  of  the  probable 
success  of  two  samples  when  planted,  without  being  itself  the  reason  of 
the  greater  or  less  amount  of  failures.  With  the  increase  of  tlie  starch 
it  is  probable  that  both  the  albumen  and  the  saline  matter  of  the  potatoe 
will  in  some  degree  diminish,  and  both  of  these  are  necessary  to  its  fruit 
ftilness  when  used  for  seed. 

The  value  of  the  saline  matter  is  beautifully  illustrated  by  the  obser- 
vation of  Mr.  Fleming,  that  the- potatoes  top-dressed  with  sulphate  and 
nitrate  of  soda  in  1841,  and  used  for  seed  in  1842,  "presented  a  remark- 
able contrast  to  the  same  variety  of  potatoe,  planted  alongside  of  them, 
but  which  had  not  been  so  top-dressed  in  the  previous  season.  These 
last  came  away  weak,  and  of  a  yellowish  colour,  and  under  the  same 
treatment  in  every  respect  did  not  produce  so  good  a  croji  by  fifteen  bolls 
(3|  tons)  an  acre."  This  observation,  made  in  1842,  is  confirmed  by  the 
appearance  of  the  crops  now  growing  f  July,  1843)  upon  Mr.  Fleming's 
experimental  fields.  The  prosecution  of  the  enquiry  opened  up  by  his 
experiments  promises  to  lead  to  the  most  valuable  practical  results.*  They 
may  teach  us  how  to  secure  at  all  times  a  fruitful  seed,  and  thus  to  dis- 
pense with  supplies  of  imported  produce. 

§  22.  The  composition  of  the  turnip^  the  carroty  the  heei,  and  the  parsnip, 

1°.  Cam/»«/ion.— The  potatoe  is  characterised  by  containing  a  large 
proportion  of  starch  in  connection  with  a  small  quantity  of  albumen— the 
turnip  and  carrot  by  containing,  in  place  of  the  starch,  a  variable  pro- 

wtth  the  sama  mannre.  From  these  circumstancet,  I  am  of  opinion,  that  if  fanners  were 
carefal  In  raising  their  own  seed  potatoes  from  land  that  has  Iain  lung  in  a  stateof  restCo)— or 
where  that  cannot  be  had,  ilie  ssme  object  can  be  olMained  bv  bringing  new  soil  to  the  sar* 
face  by  trenching  as  much  as  is  necessary,  or  by  the  use  of  the  subfoil-plough— failures  of 
the  potatoe  crop  from  the  seed  not  toeing  good,  would  become  much  less  frequent.  I  am 
somewhat  connrmed  in  this  opinion  by  the  fact,  that  it  has  been  found  for  the  last  dozen  of 
veara  that  generally  tlie  best  seed  potatoes  have  been  got  from  farms  in  the  moora  or  high 
lands  of  the  country.  The  reason  of  this  may  be  that  these  high  lands  have  been  but  of  late 
brought  under  crops  of  any  kind,  and  many  of  them  but  newly  brought  from  a  state  of  nature, 
and  the  superiority  of  seed  iiotatoes  from  these  high  lands  may  not  at  all  arise  (as  is  gene- 
lafly  supposed)  from  a  change  of  soil  or  climate. 

**  Potatoea  raised  on  new  soil,  or  on  gi*ound  that  has  been  long  lying  lea,  are  not  so  good 
for  the  table  as  the  others,  being  mostly  very  sod,  snd,  by  the  following  experiment,  if  would 
appear  that  they  contain  a  much  less  quantity  of  farina  than  those  which  are  raised  from 
land  that  has  been  aome  time  under  crop,  and,  perhaps,  this  \n  the  reason  whv  they  arc  belter 
for  seed.  From  one  peclc  of  potatoes,  grown  on  land  near  Paisley,  which  has  been  almost 
constantly  under  crop  for  the  last  30  years,  I  obisined  nearly  7  lbs.  of  flour  or  starch ;  and 
from  the  other  peck,  grown  on  my  bleach  green,  the  quantity  obtained  was  under  4  lbs.,  from 
which  it  would  seem  that  as  the  vegetative  principle  of  the  plant  is  strengthened,  the  farina* 
ceous  principle  is  weakened,  and  n'ce  vena.  Jas.  Btibrat." 

Paisley,  22d  November,  1842. 

(a)  Bfr.  Flnnie,  of  Bwanstone,  informs  me  that  the  growing  of  potatoes  intended  for  seed  upon 
new  land,  haa  long  been  practised  by  good  farmers.  Mr.  Little,  of  Carlesgill,  near  Langholm, 
writes  me  that  In  Dumfriesshire,  they  obtain  the  best  change  of  potatoe  seed  from  mossy 
land— of  oats  and  barley  from  the  warmer  and  drier  climate  of  Roxburghshire.  The  grains, 
be  adds,  degenerate  by  once  sowing j  still  looking  plump  when  dry,  but  having  a  thicker  husk, 
and  weighing  two  or  three  pnnnds  less  per  bushel.  The  deterioraiiun  of  seeds,  in  general, 
Is  a  cAem/co-physinlogical  subject  of  great  interest  and  importance,  and  will  doubtleas  soon 
be  taken  up  and  investigated. 

*  In  the  Appendix^  p,  47,  the  experiments  are  recorded,  and  in  p.  66 1  have  more  fully  ad- 
verted to  the  lateresting  results  llkel?  to  be  derived  from  the  continuance  of  such  experimeola. 
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portion  of  sugar,  and  of  a  gelatinous  gummv-like  substance,  to  wliich 
the  name  oi pectin  has  been  given.  In  the  Swedish  turnip  and  in  beet> 
root  the  sugar  predominates,  in  the  white  turnip  and  in  the  carrot  the 
pectin  is  usually  present  in  the  larger  quantity. 

The  composition  of  the  turnip,  the  carrot,  and  the  beet  varies  very  much, 
and  is  influenced  by  a  great  variety  of  circumstances.  We  are  not  in 
possession  of  any  recent  detailed  analyses  of  these  roots.  The  following 
table  exhibits  the  component  parts  of  "several  varieties,  as  they  have  been 
given  cliiefly  by  Hermbsladt,  [Schiibler,  Ag.  Chem.,  ii.,  p.  207]  i~~ 

Variery  ofTumlpa.  Bunr 

,  Commmi      beet        Purtnip 


White.  Svrediah.  Cabbage.  Cutol  (P»yen)  (Crome). 

Water    .    .    .    .  7J0  .800  780  800  850  794 

Starch  and  fibre    .  7*3  53  60  9  0  30  G9 

Gum  (pecUn  7)     .  25  3  0  3  5  175  20  CI 

Sugar     ....  80  90  90  7H  100  55 

Albumen     .    .    .  25  20  25  11  1  21 

Salts 0-5  0-5  05  —  1  1 

Loss 0-3  0{>  05  oil  035  — 


100         100         100         100        100        100 
These  analyses  are  very  defective,  and  apply  with  any  degree  of  cor- 
rectness only  to  the  specimens  actually  operated  upon.     Any  reasonings, 
therefore,  which  are  founded  upon  them  can  only  lead  to  probable  or  ap- 
proximate conclusions. 

2°.  2%«  proportion  of  sugar  contained  in  tlie  sap  of  these  nx>ts  is 
greatest  when  they  are  young,  and  diminishes  as  I  hey  ripen.  In  the 
bi»et,  it  has  been  observed  that  the  nitrates  of  potash  and  ammonia  are 
present  in  considerable  quantity,  and  that  in  the  old  beet  these  nitrates 
become  more  abundant  as  the  sugar  diminishes.  In  the  beet,  also,  when 
raised  by  the  aid  of  rich  manure,  the  production  of  nitrates  is  increased 
more  tlian  that  of  sugar.*  The  same  may  possibly  be  the  case  with  the 
common  cultivated  turnips.  It  would  not  be  without  interest,  both  theo- 
retically and  practically,  to  ascertain  by  experiment,  the  relative  com- 
position of  the  same  variety  of  turnip,  grown  on  the  same  soil,  by  the 
aid  of  rich  farm-yard  manure,  and  by  the  aid  of  bones  or  of  rape-dust. 
The  one  may  produce  more  su^r,  the  other  more  albumen  or  nitrates. 
Such  differences  may  materially  affect  the  value  of  the  crop,  either  in 
the  fecdins  of  stock  or  in  the  production  of  an  enriching  manure.  It  is 
in  suggesting  and  carrying  on  enquiries  of  this  kind  that  the  joint  labours 
of  the  practical  farmer  and  of  the  theoretical  chemist  are  likely,  anionj^ 
other  ways,  to  promote  the  advancement  of  a  rational  and  scientilic  agri- 
culture. 

3^.  Effect  oj' soils  and  manures, — These  roots  delight  in  a  rich,  open, 
and  loamy  soil— and  the  weight  of  produce  varies  much  with  the  kind 
of  manure  that  may  have  been  applied  to  them.  [See,  for  many  in- 
structive illustrations  of  this  fact,  the  experiments  upon  turnips,  detailed 
in  the  Appendix,  pp.  43  el  seqJ]  No  experiments,  however,  have  yet 
been  made  to  determine  the  relative  proportions  of  water  and  of  tlicir 
other  constituents  which  tlie  same  turnips  contain,  when  raited  by  the 

•  Acr«)rr1lnf  to  Payen,  il»e  l>eet,  when  nised  wlih  street  miinare,  codUIob  SO  times  m 
rnucn  aaltjKtrt  as  when  relied  In  (be  ordinary  manner.  uigmzeu  oy  ^j  w v^ -<.  i>^ 
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aid  of  diflferent  manures,  nor,  consequently,  the  tme  effect  of  these 
manures  upon  the  relative  values  of  the  several  crops. 

4°.  Quantity  of  water  in  different  varieties  of  itfrrtt/>.— The  same  re- 
mark may  be  made  in  regard  to  the  several  varieties  of  turnip.  All 
those  examined  by  Hermbstadt,  as  appears  from  the  above  tables,  con- 
tained 20  to  22  per  cent,  of  solid  matter  (78  to  80  of  water),  while  other 
Experimenters  have  found  as  little  as  from  8  to  15  of  solid  matter  in  tur- 
nips, and  generally  le^s  in  the  white  and  la<^ge  globe  turnip  than  in  the 
yellow  and  more  solid  Swede. 

Thus,  four  varieties  of  the  above  roots  contain  of  water  and  solid  mat- 
ter, according  to  three  different  experimenters  :— 


While  turnip 
Swedish  do. 
Cabbage  do. 

Carrot  .    . 

The  above  di  (Terences  are  very  great,  especially  when  we  look  to  the 
relative  proportions  of  dry  matter  in  which  the  nutritive  power  resides. 
They  are  of  much  importance,  therefore,  to  the  feeding  of  stock,  and 
the  circumstances  under  which  they  occur,  are  deserving  of  a  careful  in- 
vestigation. 

5°.  Relative  nutritive  properties  of  the  potatoe  and  the  fMmip.— The 
potatoe  is  usually  considered  more  nutritive  than  the  turnip,  weight  for 
weight,  and  no  doubt  it  generally  is  so.  But  if  we  compare  together  the 
quantities  of  solid  matter  which  the  two  roots  may  contain,  we  shejl  see 
how  very  far  wrong  our  estimate  may  be  in  any  special  case.  Thus— 
The  turnip  contains  of  solid  matter  from  8  to  22  per  cent. 

The  potatoe  do.  do.  24  to  32        ** 

— «o  that,  while  the  driest  turnips  may  contain  four  times  as  much  solid 
matter  as  the  most  watery  potatoes,  very  dry  potatoes  may  contain 
nearly  as  much  as  very  juicy  turnips.  It  is  impossible,  therefore,  with- 
out an  actual  examination  of  the  samples,  to  pronounce  u]3on  the  relative 
amount  of  food  which  is  likely  to  be  contained  in  any  equal  weights  of 
turnips  and  potatoes.  The  very  discordant  estimates  which  different 
feeders  of  stock  have  formed  in  regard  to  the  relative  value  of  these 
crops  in  the  production  of  beef  or  mutton  is  partly  owing  to  this  cause. 
[Other  causes  for  these  discordant  estimates  will  be  stated  in  Lecture 
jtXL]  Until  the  effects  of  equal  weights  of  the  different  kinds  of  food, 
estimated  in  the  dry  state,  arc  carefully  ascertained,  it  will  be  impossible 
to  obtain  results  of  a  general  kind  or  upon  which  any  real  confidence 
can  be  placed. 

§  23.  Of  the  composition  of  the  green  stems  of  peas,  vetches,  clover,  spurry, 
and  hxick'whcat* 
The  stems  and  leaves  of  plants  which  are  given  as  ffreen  food  to 
animals  differ  much  in  composition,  acconliog  to  the  age  they  have  at- 
tained, to  the  rapidity  of  their  growth,  to  the  nature  of  tfaie  soil,  the 
season,  and  the  mode  of  culture.  They  are  generally  supposed  lo  be 
nchest  in  nutritive  matter  when  the  plant  has  j^^^jppgi^j^te, flower: 
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The  following  table  exhibits  the  approximate  composition  of  the 
green  stems  of  some  clovers  and  vetches,  as  they  have  been  given  by 
Eiiihof  and  Crome ;— 
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§  24.  Of  the  composition  of  the  grasses  when  made  into  hay. 

1°.  An  elaborate  examination  of  the  grasses  of  this  country,  in  the 
dry  state,  with  the  view  of  determining  their  relative  nutritive  proper- 
ties, was  made  by  the  late  Mr.  Sinclair,  gardener  to  the  Duke  of  Bed- 
ford. His  method  was  to  boil  in  water  equal  weights  of  each  species  of 
hay  till  every  thing  soluble  was  taken  up,  and  to  evaporate  the  solution 
to  dryness.  The  weights  of  the  dry  matter  thus  obtained  he  considered 
to  re])resent  the  nutritive  values  of  the  grasses  from  which  the  several 
samples  of  hay  were  made. 

The  results  of  Mr.  Sinclair,  liowever,  have  lost  much  of  their  value, 
since  it  has  been  satisfacforily  ascertained— 

a.  That  the  proportion  of  soluble  matter  yielded  by  any  species  of 
grass,  when  made  mto  hay,  varies  not  only  with  the  age  of  the  grass, 
when  cut,  but  with  the  soil,  the  climate,  the  season,  the  rapidity  of 
growth,  the  variety  of  seed  sown,  and  with  many  other  circumstances 
which  are  susceptible  of  constant  variation. 

6.  That  animals  have  the  power  of  digesting  a  greater  or  less  propor- 
tion of  that  iMut  of  their  food  which  is  msolume  in  water.  Even  the 
woody,  fibre  of  the  hay  is  not  entirely  useless  as  an  article  of  nourish- 
ment—experiment having  shown  that  the  manure  often  contains  less 
of  this  insoluble  matter  than  was  present  in  the  food  consumed.*    (Spren- 

c.  That  some  of  the  substances  which  are  of  the  greatest  importance 
in.  the  nutrition  of  animals — such  as  vegetable  fibrii],  albumen,  casein, 
and  legumin— are  either  wholly  insoluble  in  water  or  are  more  or  less 
)>erfectly  coagulated  and  rendered  insoluble  by  boiling  with  water.  Mr. 
Sinclair,  therefore,  must  have  left  behind,  among  the  insoluble  parts  of 

'  This  will  not  appewr  nirpriaing  when  U  it  recollacted  (hat,  hj  prolonged  dlfoatlon  In 
dilutAd  miphuric  acid,  tnaoIul>le  woody  fibre  mmj  be  slowly  changed  into  soluble  gum  or 
Bugnr  (see  6.  112).  The  proportion  of  the  woody  fibre  which  will  be  thus  worked  op  in  the 
•tomach  ofan  animal  will  depend,  among  other  circumstances,  upon  the  oonstltoiioo  of  th« 
animal  Itself,  upon  the  abundance  of  food  supplied  (o  it,  and  upon  the  man  or  less  perfect 
to  which  Che  food  is  subjected. 

uigmzeu  uy  's-j  vy^/'i  i\^ 
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his  hay,  the  greater  proportion  of  these  important  substances.     Hence, 
the  nature  and  weight  of  tiie  dry  extracts  he  obtained  could  not  fairly  re- 

E resent  either  the  kind  or  quantity  of  the  nutritive  matters  whicn  the 
ay  was  likely  to  yield  when  iutro(fuccd  into  the  stomach  of  an  animal. 
For  these  reasons  I  do  not  think  it  necessary  to  dwell  upon  the  results 
of  his  experiments.* 

2**.  Woody  fibre  in  the  grasses. — In  the  stems  of  the  grasses  (in  hay 
and  straw),  woody  6bre  is  the  predominating  ingredient.  They  are  not 
destitute  of  starch,  gum,  and  sugar,  but  they  are  distinguished  from  all 
the  other  usual  forms  of  animal  food,  by  the  large  quantity  of  woody 
fibre,  and  of  saline  or  earthy  matter  which  tliey  contain.  The  propor- 
tion of  woody  fibre  in  the  more  common  grasses,  in  their  usual  state  of 
dryness  when  made  into  hay  and  straw,  is  thus  given  by  Sprengel  (see 
p.  106):— 

Per  ceoL  Per  cent 

Wheat  straw,  ripe  ....    62 


Barley  straw,  do 50 

Oat  straw,  do 40 

Rye  straw,  do 48 

Indian  com,  do 24 


Pea  straw,  ripe 30 

Beau  straw,  do 51 

Vetch  hay,  do 42 

Red  clover,  do 28 

Rye  grass,  do 35 


The  proportions  of  woody  fibre  here  given,  however,  can  be  considered 
only  as  approximations.  The  riper  the  straw  or  grass,  the  less  soluble 
matter  does  it  contain,  and  every  farmer  knows  how  much  soil,  season, 
and  manure,  affect  the  quality  of  his  artificial  grasses.  One  field  will 
grow  a  hard  wiry  rye-grass,  while  another  will  produce  a  soft  and  flexi- 
ble plant,  and  a  highly  nutritious  hay. 

3°.  Gluten  in  the  grasses. — Boussmgault,  who  considers  the  relative 
nutritive  value  of  the  vegetable  substances  employed  for  fodder  to  be  in- 
dicated by  the  proportions  of  nitrogen  they  severally  contain,  has  arranged 
grass  and  clover  hays  and  the  straws  of  the  com  plants,  in  their  usual 
stale  of  dryness,  in  tlie  following  order  :— 

Or  cluten,         Equal  effecta 
Nitrogen       &c.,  shnold  be 

per  cent    per  cent         produced  by 

Hay  from  mixed  grasses      |     j'^         ^[4     |      100  lbs. 

Do.  aftermath  .        .  1-54         93  75t  ** 

Do.  from  clover  in  flower        1'5  93  75 


Pea  straw 
Lentil  straw 
Indian  corn  straw 
Wheat  straw 
Barley  straw 
Oat  straw    . 


1-95  12-3  (Ax 

101  64  114 

054  b-4  240 

—  —  520 

—  —  520 

—  —  550 


We  shall  have  occasion  to  compare  the  above  theoretical  values 
(equivalents)  assigned  to  the  several  kinds  of  fodder,  with  the  results  of 

*  Ther  wUl  be  found  at  length  in  the  Appendix  to  D«vir'«  AgrieuUural  Omniatryy  or  In  a 
tabalated  form  in  Bchiibior's  Agricultur  Ckemiet  U.,  p.  20ft 

t  It  ie  QMiany  suppoaed  that  the  aflennath  is  not  ao  valoaDle  aa  the  firat  produce.  Schwerts, 
however,  considers  it  more  nourishing  by  one- tenth  part. 

t  ^The  value  of  all  straw  for  fodder  must  depend  on  (he  mode  In  which  it  is  harvested. 
In  Scotland,  the  order  in  which  the  (armer  places  his  straw  for  fodder  is— ist,  pea:  2ml* 
bean ;  Sd,  oat ;  4th,  wheat ;  6lh,  barley.  While  In  England,  where  the  bean  is  quite  withered 
before  k  Is  cat,4t  Hands  last  In  the  scale.'*— Mr.  Byett,  Hoptd  AgrieuUural  Jourt^  W.,  p.  1«l 
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practical  experience,  when  we  come  to  direct  our  attention  more  paitl- 
oidarly  to  the  feeding  of  stock. 

4°.  Fatty  maUcr  in  the  gra8ses.^»Beside3  woody  fibre,  starch,  gmn, 
and  gluten,  dry  hay  and  straw  contain  also  a  variable  proportion  of  fatty 
matter.  According  to  Liebig,  it  does  not  exceed  1*56  per  cent,  in  hay, 
while,  according  to  Dumas  and  Boussingault,  as  much  as  3,  4,  or  even  5 
per  cent,  of  fat  can  be  extracted  from  it.  To  this  fact  we  shziU  also  re- 
turn when  considering  the  methods  of  fattening  stock. 

5^.  Inorganic  matter  in  (he  gras$e8,~^The  proportion  of  saline  and 
earthy  matter  contained  in  the  grasses  is  an  imi)ortant  feature  in  their 
composition.  This,  as  I  have  already  said,  is  much  larger  than  in  any 
of  the  other  kinds  of  food  usually  given  to  animals,  being  seldom  leas 
than  5,  and  occasionally  amounting  to  as  much  as  10  per  cent,  of  their 
weight  when  in  the  state  of  hay  or  straw.  A  large  proportion  of  the  ash 
left  by  the  stems  of  the  corn  plants,  and  by  many  ffrasses,  consists  of 
silica.  The  straw  of  the  bean,  )>ea,  and  vetch,  and  the  ditferent  kinds 
of  clover  hay,  contain  little  silica,  its  place  in  these  plants  being  supplied 
by  a  large  quantity  of  lime  and  magnesia. 

§  25.  Ofhtmp^  UnCt  rape^  and  other  oil-bearing  seeds- 
The  oily  seeds  are  important  to  the  agriculturist  from  their  long  ac- 
knowledged value  in  the  feeding  and  fattening  of  cattle.  Lintseed  is  ex- 
tensively used  for  the  latter  purpose,  both  in  its  entire  state  and  in  the 
form  of  ca/re— when  the  greater  part  of  the  oil  has  already  been  expressed 
from  it.  All  these  seeds,  however,  are  not  equally  palatable  to  cattle. 
Some  varieties  they  even  refuse  to  eat.  Among  these  is  the  rape-seed, 
from  which  so  much  oil  is  expressed,  and  the  cake  left  by  which  is  now 
so  extensively  employed  as  a  manure. 

These  seeds  are  distinguished  from  those  of  the  corn  plants,  by  con- 
taining, instead  of  starch  or  sugar,  a  predominating  proportion  of  oil;  and 
instead  of  their  gluten  a  substance  soluble  in  water,  which  possesses  many 
of  the  properties  of  the  curd  of  cheese  {casein). 

We  are  in  possession  of  a  somewhat  imperfect  analysis  of  hemp  seed 
and  of  the  seed  of  the  common  lint,  according  to  wliich  the  varieties  ex- 
amined consisted  in  100  parts  of-— 

Hemp  seed  Lime  eecd 

<Buchols>  (Leo  Meier). 

Oil 19-1  11-3 

Husk,  6cc 38-3  44-4 

Woody  fibre  and  starch  .     .  5*0  1*5 

Sugar,  6cc 1*6  10*8 

Gum 9*0  7-1 

Soluble  albumen  (Casein  ?)  w  24*7  15*1 

Insoluble    do —  3*7 

Wax  and  resin    ....  1-6  3*1 

Loss 0-7  3*0 

100  100 

These  analyses  show  that,  besides  the  oil,  these  seeds  contain  consi- 
derable proportions  of  gum  and  sugar  and  a  large  quantity  of  a  substaikce 
he>«  called  sUubU  albumen,  of  which  nitrogen  is  a  ooDatituMit  part,  b«l 


Ofl  p«r  cent 

Sun-flower  seed  . 

.     .    15 

Walnut  kernels    .     . 

.   40  to  70 

Hazel-nut  do. 

.     .    60 

Beech-nut  do. 

.     .   16  to  17 

Plum  stone  do.    . 

.     .   33 

Sweet  almond  do. 

.     .   40  to  64 

Bitter    do.        do. 

.     .   28  to  46 
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which  difiers  in  its  properties  from  the  gluten  and  albumen  of  the  seeds 
of  the  corn-bearing  plants,  and  has  much  resemblance  to  the  curd  of 
milk.  Besides  their  fattening  properties,  therefore-^which  these  seeds 
probably  owe  in  a  great  measure  to  the  oil  they  contain— this  peculiar 
albuminous  matter  ought  to  render  them  very  nourishing  also ;— capable 
of  promoting  the  growth  of  the  growing,  and  of  sustaining  the  strength 
of  the  matuired,  animal. 

Tlie  quantity  of  oil  contained  in  diflferent  seeds  of  this  class,  and  even 
in  tlie  same  species  of  seed  when  raised  in  different  circumstances,  is 
very  variable.  These  facts  will  appear  from  the  following  table,  which 
represents  the  proportions  of  oil  that  have  been  found  in  100  lbs.  of  some 
of  the  more  common  seeds  :— 

Oil  per  cent 

Line  seed 11  to  22 

Hemp  seed 14  to  25 

Rape  seed 40  to  70 

Poppy  seed      .     .     .     .     36  to  63 
White  mustard  do.     .     .     36  to  38 
Black       do.      do.     .     .     15 
Swedish  turnip  do.    .     .    34 

It  seems  to  be  a  provision  of  nature,  that  tlie  seeds  of  nearly  all  plants 
should  contain  a  greater  or  less  propurdon  of  oil,  which  is  lodged  for  the 
most  part  in,  or  immetliately  beneath,  the  husk,  and,  among  other  pur- 
poses, may  be  intended  to  aid  in  preserving  tlie  seed.  We  shall  here- 
after see  that  this  oily  constituent  is  of  much  importance  also  to  the  prac- 
tical agriculturist. 

§  26.  General  differences  in  composition  among  the  different  kinds  of 
vegetable  food* 

It  may  be  useful  shortly  to  recapitulate  the  leading  dlflerences  in 
chemical  constitution  which  exist  among  the  different  kinds  of  vegetable 
food  to  which  I  have  directed  your  attention  in  the  present  lecture. 

We  have  seen  that  each  of  the  varieties  of  food  contains  a  greater  or 
less  proportion  of  three  diOerent  classes  of  chemical  substances— au 
organic  substance  containing  nitrogen,  an  organic  substance  containing 
no  nitrogen,  and  an  in-organic  substance.  But  it  is  interesting  to  mark 
how  in  each  class  of  those  vegetable  products  which  we  gather  from  the 
earth  for  our  sustenance,  the  organic  substances  vary  either  in  composition 
or  in  chemical  characters,  while  the  inorganic  matter  alters  also  either  in 
kind  or  quantity.     Thus— 

1°.  In  the  seeds  of  the  com  plants — ^wheat,  oats,  &c. — the  predomi- 
nating ingredient  is  starch,  in  connection  with  a  considerable  proportion 
of  gluten,  and  a  small  quantity  of  saline  matter  consisting  chiefly  of  the 
phosphates  of  potash  and  of  magnesia,  and  in  the  case  of  barley  of  a 
considerable  proportion  of  lime. 

2°.  In  the  seeds  of  leguminous  plants—^e  pea,  the  bean,  the  vetch, 
te.— starch  is  still  the  predominating  ingredient,  but  it  is  connected  with 
a  large  quantity  of  legumin,  and  with  a  ^eater  proportion  of  inorganic 
matter— in  which  phosphate  of  lime  also  is  more  abundant. 

3^.  In  the  oH-bearing  •eMff— those  of  hemp,  lint,  &c.— c^  is  often  thr 
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predominating  ingredient,  and  it  is  connected  with  a  large  proportion  of  a 
nitrogenous  substance,  resembling  the  curd  of  milk  {casein),  and  with  a 
quantity  of  ash  about  equal  to  that  in  the  pea,  hut  in  which  the  phos- 
phate of  lime  b  said  to  be  still  more  abundant. 

A^.  In  the  potatoe — starch  is  the  greatly  predominating  ingredient,  but 
it  is  united  with  albumen  nearly  in  the  same  proportion  as  it  is  with 
gluten  in  wheat.  The  inorganic  matter  is  nearly  in  the  same  proportion 
to  the  dry  organic  matter,  as  in  the  pea  and  the  bean,  but  is  much 
more  rich  in  potash  and  soda.  Still  it  is  more  rich  in  the  earthy  phos- 
phates than  the  ash  left  by  wheat  and  oats,  and  is  inferior  in  this  respect 
only  to  that  of  barley. 

5°.  In  Vie  tumip^^ugar  and  pectin  take  tlie  place  of  the  starch,  and 
these  are  associated  with  albumen,  and  with  a  proportion  of  inorganic 
matter  about  equal  to  that  of  the  potatoe,  abounding  like  it  in  potash  and 
soda,  but  more  rich  in  the  phosphates  of  lime  and  of  magnesia. 

6°.  In  the  stems  of  the  grasses  and  clovers-^-tDoody  fibre  becomes  the 
predominating  ingredient,  associated  apparently  wilt  albumen,  and  with 
a  larger  proportion  of  inorganic  matter  than  in  any  oC  the  other  crops. 
In  the  straws  and  in  some  of  the  grasses  which  are  cut  for  haj',  silica 
forms  a  large  portion  of  this  inorganic  matter.  In  the  clovers,  hme  and 
magnesia  take  its  place. 

The  natural  diflereuces  above  described  not  only  exercise  an  important 
influence  upon  the  mode  of  culture  by  which  the  different  crops  may  be 
most  successfully  and  most  abundantly  raised,  but  also  upon  the  way 
in  which  they  can  be  most  skilfully  and  economically  employed  in  the 
feeding  of  stock.     T9  this  latter  point  we  shall  return  hereafter. 

§  27.  Average  composition  and  produce  cf  nutritive  matter  per  acre,  by 
each  of  tht  usually  cultivated  crops. 

1°.  Average  composition. — The  relative  proportions  of  ihe  several  most 
important  consiituents  contained  in  our  cultivated  crops  vary,  as  we  have 
seen,  with  a  great  number  of  circumstances.  Tlie  following  table  exhi- 
bits the  average  composition  of  100  parts  of  the  more  common  grains, 
roots,  and  grasses,  as  nearly  as  the  present  state  of  our  knowledge  upon 
the  subject  enables  us  to  represent  it.   (See  table  at  top  of  next  page.) 

In  drawing  up  this  table,  I  have  adopted  the  proportions  of  gluten,  for 
the  most  part,  from  Boussingault.  Some  of  them,  however,  appear  to 
be  very  doubtful.  The  proponious  of  fatty  matter  are  also  very  uncer- 
tain. With  a  few  exceptions,  those  above  given  have  been  taken  from 
Sprengel,  and  they  are,  in  general,  stated  considerably  too  low. 

It  is  an  interestmg  fact,  that  the  proportion  of  fatty  matter  in  and  im- 
mediately under  the  husk  of  the  grains  of  corn,  is  generally  much  greater 
than  in  the  substance  of  the  corn  itself.  Thus  I  have  found  the  pollard 
of  wheat  to  yield  more  than  twice  as  much  oil  as  the  fine  flour  obtained 
from  the  same  sample  of  grain  ;*  and  Dumas  states  that  the  husk  of  oats 
sometimes  yields  as  much  as  5  or  6  {ler  cent,  of  oil.  We  shall  perceive 
the  practical  value  of  this  fact  when  we  come  to  consider  the  use  of  bran 
and  pollard  in  the  fattening  of  pigs  and  other  kinds  of  stock. 

*  Thaa  the  foar  portions  separated  by  the  mirier  from  a  superior  sample  of  wheat  ffrovn 
In  iheneighboiirhood  ofDurhiim,  gave  of  oil  respectiveJy :— fiiie  flour,  l-feper  cent,  i  poUaitL 
2*1;  bojUnss,8«;  ind  bran,  3-3  per  cent.  1  r  — — t 

uigmzeu  uy  ■s-j  v.'^/'i  i\^ 


ATXILiG£  COMPOSITION   OF   THE  DIFFERENT  CROPS. 


631 


Husk  or 

Btarcb, 

Olaten,  al- 

Fatty 

matter. 

aaline 

Water. 

troody 

gum,  and 

bnmen,  !«• 

fibre. 

tiugar. 

gumin,&c 

nwovb 

Wheat      .    . 

16 

15 

55 

10tol5 

2  to  4  J. 

2-0 

Barley      .    . 

15 

15 

60 

121 

2-5  J 

20 

Oata     .    .    . 

16 

20 

50 

14-51 

5-6  J 

3-5 

Rye      .    .    . 

12 

10 

60 

14-5 

30 

10 

Indian  com  . 

14 

151 

50 

120 

5to9D. 

15 

Buckwheat    . 

161 

251 

50 

145 

0-41 

1-5 

Beans  .    .    . 

16 

10 

40 

280 

3  + 

30 

Peas     .    .    . 

13 

8 

50 

24-0 

3-81 

88 

Potatoes    .    . 

751 

51 

121 

225 

03 

0-8  tol 

Turnips    .    . 

85 

3 

10 

1-2 

1 

0-8  to  1 

Carrots     .    . 

85 

3 

10 

20 

0-4 

1-0 

Meadow  hay 

14 

30 

40 

71 

2to5D. 

6tblQ 

Clover  hay    . 

14 

25 

40 

9-3 

30 

9 

Pea  straw      . 

10tol5 

25 

45 

12-3 

1-6 

5 

Oat    do.  .    . 

12 

45 

35 

1-3 

0-8 

6 

Wheat  do.     . 

12to]5 

50 

30 

1-3 

0-5 

5 

Barley  do.     .     . 
Rye  do.    .    . 

do. 

50 

30 

13 

0-8 

5 

do. 

45 

38 

1-3 

05 

3 

Indian  com  do. 

12 

25 

52 

3-0 

1-7 

4 

2°.  Gross  produce  per  acre* — The  gross  produce,  per  acre,  of  the  dif- 
ferent crops  varies  as  we  have  already  seen  (p.  487^  in  dLfrereDt»district8 
of  the  country.  The  weight  of  each  crop  in  pounos,  however,  will,  in 
general,  approach  to  one  or  other  of  the  quantities  represented  hy  the  num- 
bers in  the  following  table  : — 


Prodnce 
per  acre. 

Wheat 25  bush. 

—        ......     30     " 

Barley     .... 


Oats 
Rye 


Indian  com . 
But^  wheat . 
Beans      .     . 


Peas 


35  " 

40  " 

40  " 

50  " 

25  ** 

30  " 

30  " 

30  " 

25  " 

30  " 

25  •* 


Weight 
per  busheL 

60  lbs. 


60  lbs. 
46  lbs. 
64  lbs. 

66  lbs. 


Total  weight 
in  pounds. 

1500 
1800 
1855 
2120 
1680 
2100 
1350 
1620 
1800 
1380 
1600 
1920 
1650 


Potatoes  . 
Turnips  . 


Weight  of  prodnce. 

.     6  tons. 

12  tons. 

.  20  tons. 

30  tons. 

23 


'  Weight  of  piodoe^ 
Carrots    .        .        .  25  tons. 
Meadow  hay    .        .  1^  tons. 
Clover  hay       .        .5 
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Weight  of  produce. 

Weight  of  produce. 

Wheat  straw 

.  3000  lbs. 

Rye  straw 

• 

4000  lbs. 

3600   " 

4800  " 

Barley  straw 

.  2100   ** 

Bean  straw     . 

• 

2700   "? 

2500   " 

3200  ** 

Oat  straw     . 

.2700   " 

Pea  straw 

. 

2700  "  ? 

3500   " 

3®.  Average  produce  of  nutritive  matter  per  acre. — In  the  gros$  pro- 
duce above  given,  there  arc  contained,  according  to  the  first  table,  the  fol- 
lowing average  proportions  of  nutritive  matter  of  various  kinds  :-* 

AVERAGE  PRODUCE  OF    NUTRITIVE  MATTER  OF  DIFFERENT  KINDS    FROM 
AN  ACRE  OF  THE  USUALLY  CULTIVATED  CROPS. 


• 

Oron 

produce. 

tiusR,  or 

•woody 

fibre. 

Ibn, 

Starch, 
sugar,  Ac. 

Gluten, 
A.C. 

lbs. 

Oil  or  &(. 

0a]taM 
matte 

iHJSh. 

lbs. 

lbs. 

Wheat  . 

25 

1,500 

225 

825 

150  to  220 

30  to  60    . 

30 

30 

1,800 

270 

990 

180  to  260 

36  to  72 

36 

Bariey  . 

35 

1,800 

270 

1080 

216 

45  + 

36 

40 

2,100 

315 

1260 

252 

52  + 

42 

Oats 

.      40 

1,700 

340 

850 

2301 

95 

60 

.      50 

2,100 

420 

1050 

2901 

118 

75 

Rye  .    . 

.      25 

1,300 

130 

780 

190 

40 

13 

.      30 

1,600 

160 

960 

230 

48 

16 

Indian  corr 

1      30 

1,800 

270 

900 

216 

9010  170 

27 

Buck  whes 

t     30 

1,300 

3201 

650 

180 

5  + 

21 

Beans    . 

.      25 

1,600 

160 

640 

450 

32  + 

48 

.      30 

1,900 

190 

760 

530 

36  + 

57 

Peas      . 

.      25 

1,600 

130 

800 

380 

45 

45 

Potatoes 

Ions. 
6 

13,500 

675 

1620 

300 

45 

120 

12 

27,000 

1350 

3240 

GOO 

90 

240 

Turnips 

.      20 

45,000 

1350 

4500 

^01 

1 

400 

.      30 

67,000 

2010 

6700 

8001 

1 

600 

Carrots 

.      25 

56,000 

1680 

5600 

11201 

200 

5<M) 

Meadow  I 

Ay  li 

3,400 

1020 

1360 

240 

70  to  170 

220 

Clover  hay- 

^    2 

4,500 

1120 

1800 

420 

135  to  225 

400 

Pea  straw 

-— 

2,700 

675 

1200 

330 

40 

135 

Wheat  stra 

w  — 

3,000 

1500 

900 

40 

15 

150 

— 

3,600 

1800 

1080 

48 

18    «. 

180 

Oat  straw 



2,700 

1210 

950 

36 

20 

135 

— 

3,500 

1570 

1200 

48 

28 

175 

Barlejr  stra 

w    — 

2,100 

1050 

630 

28 

16 

105 

— 

2,500 

1250 

750 

33 

20 

125 

Rye  straw 

— 

4,000 

1800 

1500 

53 

20 

120 



.     — 

4,800 

2200 

1800 

64 

24 

144 

The  most  uncertain  column  in  this  table  is  that  which  renresents  the 
^uaRtity  of  oil  or  fat  contained  in  the  several  kinds  of  proauce.  The 
importance  ot  the  whole  table  to  the  practical  man  will  appear  more 
clearly  when  we  come  to  treat  of  the  feeding  of  stock. 
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LECTURE  XX. 

or  milk  and  n>  products.— Properties  and  eomposition  of  the  milk  of  dUftrent  tnlmslsL— 
Circumstances  which  affect  ihe  quality  and  quantity  of  milk— epecles,  size.  Tartety,  agiy 
health,  and  coostitution  of  the*  animal,  time  of  milking,  kind  of  food,  *c— Mode  of  sepa^ 
rating  and  estimating  the  several  constitoents  of  milk.— fiagar  of  milk,  and  acid  of  milk 
<Laetle  add),  their  compoaiiion  and  properties.'~0ourioc  of  milk,  cause  of. — Cream— 
composition  and  mriable  proportions  of-mode  of  estimatiog  iis  quantity— the  galactome- 
fsr.—Chamiog  of  miUc  and  cream.— Composition  of  butter.— Bniier-milk.— The  solid  and 
liquid  fats  contained  in  butiei^-fmryormsnd  6«<ler-o0~lhelrsei»arationand  properties.— 
Rancidity  and  presenration  of  tNitter.— Composition  and  properti«'8  of  the  cord  (easrin>— 
Curdlinff  of  milk,  natural  and  artificial— by  acids  and  by  animal  membranes.— Making  and 
action  of  rennet— how  explained.- Manufacture  of  cheese.— Varieties  of  cheese.— Aver* 
ace  produce  of  hotter  and  cheese.— Colouring  of  butter  and  cheese.— The  whey.— Saline 
matter  in  the  whey.— Nature  of  the  saline  constituents  of  milk.— Fermentation  of  milk.— 
lotozlcatlng  Uquor  IJrom  milk.— filUk  vinegar.— Purposes  served  by  milk  In  the  economy 
of  nature. 

Op  the  indirect  products  of  agriculture,  milk,  and  the  hutter  aud 
cheese  manufactured  from  it,  are  among  the  moet  important.  In  our 
large  towns  these  substances  may  almost  be  considered  as  necessaries  of 
life,  and  many  extensive  agricultural  districts  are  entirely  devoted  to  the 
production  of  them*  The  branch  of  dairy  husbandry  also  presents  many 
curious  and  interesting  questions  to  the  scientific  enquirer,  and  upon 
these  questions  modern  chemistry  has  thrown  much  light.  To  ihe  con- 
sideration of  this  subject,  therefore,  it  is  my  intention  to  devote  the  pre- 
sent lecture. 

§  I.  Of  the  properties  and  composition  of  milk  ^ 
1®.  Projferties  of  milk, — The  milk  of  most  animals  is  a  white  opaque 
liciuid,  having  a  slight  but  peculiar  odour— -which  becomes  more  distinct 
when  the  milk  is  warmed— end  an  agreeable  sweetish  taste.  It  is 
heavier  than  water — ^usiiallv  in  the  proportion  of  about  103  to  100.* 
When  newly  taken  from  the  animal,  cow's  milk  is  almost  always 
slightly  alcaline.  It  speedily  loses  this  character,  however,  when  ex- 
posed to  the  air,  and  hence  even  new  milk  often  exhibits  a  slight  de^ee 
of  acidity-t  When  left  at  rest  for  a  number  of  hours,  it  separates  mto 
two  portions,  throwing  up  the  lighter  part  to  the  surface  in  the  form  of 
cream.  If  the  whole  milk,  or  the  cream  alone,  be  agitated  in  a  proper 
vessel  (a  chum^,  the  temperature  of  the  liquid  undergoes  a  slight  increase, 
it  becomes  distinctly  sour,  and  the  fatty  matter  separates  in  the  form  of 
bntter.  If  a  litde  acid,  such  as  vinegar  or  diluted  muriatic  acid,  be  add- 
ed to  milk  warmed  to  about  100°  F.,  it  immediately  coagulates  and  se- 
parates into  a  solid  and  a  liquid  part— the  curd  and  the  whey.  The 
same  effect  is  produced  by  the  addition  of  rennet  or  of  sour  imlk— and 
it  takes  place  naturally  when  milk  is  left  to  itself  until  it  becomes  sour. 
At  a  very  low  temperature,  or  when  kept  in  a  cool  place,  milk  remains 
sweet  for  a  considerable  time.    At  the  temperature  of  60°  F.  it  soon 

*  Or  11  hu  a  speclHc  grtvttj  of  1090  in  woman's  milk,  to  1011  in  sheep's  milk ;  wmter  being 

t  It  Is  said  that  if  the  animal  rsmain  long  immflked,the  milk  wUlbsgiB  fosoor  to  lbs 
^^-  iiid<lH*lMiR»ltliSi9ta«tUinMalliM^*eidwhe&  flrMh  drawn  ftoomUMoow. 
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turns  or  acquires  a  sour  taste,  and  ai  70°  or  80°  it  sours  with  still  greater 
rapidity,  if  sour  milk  be  gently  warmed  it  undergoes  fermentation,  and 
may  be  made  to  yield  an  intoxicating  liquor.  By  longer  exposure  to  the 
air  it  gradually  begins  to  putrify,  becomes  disagreeable  to  the  taste, 
emits  an  unpleasant  odour,  and  ceases  to  be  a  wholesome  article  of 
food. 

The  milk  of  each  species  of  animal  is  distinguished  by  some  charac- 
ters peculiar  to  itself. 

Ewe's  milk  does  not  differ  in  appearance  from  that  of  the  cow,  but  it 
is  generally  more  dense  and  thicker,  and  gives  a  pale  yellow  butter, 
which  is  soft,  and  soon  becomes  rancid.  The  curd  is  separated  from 
this  milk  with  greater  difficulty  than  from  that  of  the  cow. 

OoaCs  milk  generally  possesses  a  characteristic  unpleasant  odour  and 
taste,  which  is  said  to  be  less  marked  in  animals  of  a  white  colour  or 
that  are  destitute  of  horns.  The  butter  is  always  white  and  hard,  and 
keeps  long  fresh.  The  milk  is  considered  to  be  very  wholesome,  and  is 
oflen  recommended  to  invalids. 

Ass^s  milk  has. much  resemblance  to  that  of  the  woman.  It  yields 
little  cream,  and  the  butrer  is  white  and  light,  and  soon  becomes  rancid. 
It  contains  much  sugar,  and  hence  soon  passes  to  the  state  of  fermenta- 
tion. 

2°.  Composition  of  milk. — Milk,  like  the  numerous  vegetable  products 
we  have  had  occasion  to  consider,  consists,  besides  water,  of  organic  sub- 
stances destitute  of  nitrogen — sugar  and  butter ;  of  an  organic  substance 
containing  nitrogen  in  considerable  (juantity — the  curd  or  casein  ;  and 
of  inorganic  or  saline  matter,  partly  soluble  and  partly  insoluble  in  pure 
water. 

The  proportions  of  these  several  constituents  vary  in  diflerent  animals. 
This  appears  in  the  following  table,  which  exhibits  the  composition  of 
the  milk  of  several  animals  in  its  ordinary  state,  as  found  by  Henry  and 
Chcvallier : — 

Woman. 
Casein  (cheese)     .     .     1-52 

Butter 3-65 

Milk  sugar  .  .  .  6-50 
Saline  matter  .  .  .  0*45 
Water 87-98 


Cow. 

Ass. 

Goat 

Ewe. 

4-48 

t.82 

4-08 

4-50 

313 

Oil 

3-32 

4  20 

4-77 

C-03 

6-28 

6-00 

0-60 

0-34 

0-58 

0-68 

87-02 

91-65 

86-80 

88-62 

100         100  100  100  100 

From  the  numbers  in  the  above  table,  it  appears  that  the  milk  of  the 
cow,  the  goat,  and  the  ewe,  contains  much  more  cheesy  matter  than  that 
of  the  woman  or  the  ass.  It  is  probably  this  similarity  of  asses'  milk  to 
that  of  the  human  species,  together  with  its  deficiency  in  butter,  which, 
from  the  most  remote  times,  has  recommended  it  to  invalids,  as  a  hght 
and  easily  digested  drink. 

§  2.  Of  the  circumstances  hy  which  the  composition  or  quality  of  the  milk 
is  modified. 

But  the  composition  or  quality  of  milk  varies  with  a  great  variety  of 
circumstances.     Let  me  direct  your  attention  to  a  few  of  these. 

1°.  Distance  fr9m  the  time  of  calving.^The  most  remarkabte  depar- 
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tare  from  the  ordinary  composition  of  milk  is  observed  in  tlie  beistings, 
colostrum  or  first  milk,  yielded,  by  the  animal  after  the  birth  of  its  young. 
This  milk  is  thicker  and  yellower  than  ordinary  milk,  coagulates  by 
heating,  and  contains  an  unusually  large  quantity  of  casein  or  cheesy 
matter.  Thus  the  first  milk  of  tlie  cow,  the  ass,  and  the  goat,  consisted, 
in  some  specimens  examined  by  Henry  and  Chevallier,  of— 

Cow.  Am.  Goat 

Casein       .         .         151  11-6  24*5 

Butter        .         .  2-6  0-6  6-2 

Milk  sugar        .  —  4-3  3*2 

Mucus       .        .  20  0  7  3-0 

Water        .         .         80-3  82-8  64-1 

100  100  100 

The  increase  in  the  proportion  of  cheese  is  peculiarly  great  in  the  first 
milk  of  the  ass  and  the  goat. 

This  state  of  the  milk,  however,  does  not  long  continue.  It  gradually 
assumes  its  ordinary  qualities.  After  ten  or  twelve  days  from  the  time 
of  calving,  its  peculiarities  disappear,  though  in  the  celebrated  dairy  dis- 
tricts of  Italy  it  is  considered  that  the  milk  does  not  reach  perfection  until 
about  eight  months  afler  calving.  [Cataneo,  11  latU  t  i  suoi  prodolti^  p. 
27.] 

2^.  Age  of  the  antmaZ.— It  is  observed  that  milk  of  the  best  quality  is 
given  only  by  cows  which  have  beeti  already  three  or  four  times  in  calf. 
Such  animais  continue  to  give  excellent  milk  till  they  are  ten  or  twelve 
years  of  age,  and  have  had  seven  or  eight  calves,  when  they  are 
generally  fattened  for  the  butcher. 

3°.  dimcUe  and  season  of  the  year. — Moist  and  temperate  climates 
are  favourable  to  the  production  of  milk' in  large  quantity.  In  hot  coun- 
tries, and  in  dry  seasons,  the  quantity  is  less,  but  the  average  quality  is 
richer.  Cool  weather  favours  tlie  production  oC  cheese  and  sugar  in  the 
milk,  while  hot  weather  increases  the  yield  of  bifher,  [Sprengel,  Che- 
mie  fiir  Landwirthe,  ii.i»p.  620.] 

In  spring  the  milk  is  more  abundant  and  of  finer  flavour.  In  autumn 
and  winter,  other  things  being  equal,  it  yields  less  cheese,  but  a  larger 
return  of  butter.*  Where  cattle  are  fed  upon  pasture  grass  only,  this 
observed  difference  may  be  derived  from  a  natural  difierence  in  tlie 
quality  of  the  herbage  upon  which  the  cow  is  fed. 

4°.  Health  and  general  state  of  the  animal— It  is  obvious  that  the 
quality  of  the  milk  must  be  afiected  by  almost  every  change  in  the  health 
of  the  animal.  It  is  sensibly  less  rich  in  cream  also,  as  soon  as  the  cow 
becomes  pregnant,  and  the  same  is  observed  to  be  the  case  when  it  shows 
a  tendency  to  fatten.  The  poorer  the  apparent  condition  of  the  cow, 
good  food  being  given,  the  richer  in  general  is  the  milk. 

6°.  JHme  and  frequency  of  milking, — If  the  cow  be  milked  only  once 
a  day,  the  milk  will  yield  a  seventh  part  more  butter  than  an  equal 
quantity  of  that  which  is  obtained  by  two  mil  kings  in  the  day.  When 
the  milk  is  drawn  three  times  a  day,  it  is  more  abundant  but  still  less 

*  BriUah  HuebtLndry^  fl.,  p.  404.  This  opinion  teenia  to  contradict  that  oT  Sprengel  in  the 
preceding  pamxraph.  Does  this  diflTerenco  arise  from  the  locallQr  and  other  unlilce  circum- 
■lances  in  which  the  observations  of  the  two  writers  were  severallj  made— or  are  there  do 
flMcunte  ezpciimeote  upoo  tlie  subject  from  which  a  correct  result  can  be  drawn  1 
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rich.  It  is  also  univereally  remarkeil,  that  the  morning's  milk  is  of  bet- 
ter quality  than  that  obtained  in  tlie  evening. 

6®.  Period  at  which  it  is  taken,  during  Ike  iwt/Itiji^.— The  milk  in  the 
udder  of  the  cow  is  not  unifonn  in  quality.  That  which  is  first  drawn 
off  is  thin  and  poor,  and  gives  little  cream.  That  which  is  last  drawn— 
the  stroakings,  strippings,  or  afterings— is  rich  in  quality,  and  yields 
much  cream.  Compared  with  the  first  milk,  the  same  measure  of  the 
last  will  give  at  least  eight  and  often  sixteen  times  as  much  cream  (An- 
derson). ''  The  quality  of  the  cream  also,  and  of  the  milk  *«  hen  skimmed, 
is  much  better  in  the  later  than  in  the  earlier  drawn  portions  of  the  milk. 

7°.  Treatment  and  moral  state  of  the  animaL^-^A  state  of  comparative 
repose  is  favourable  to  the  performance  of  all  the  important  functiooa  in 
a  healthy  animal.  Any  thine  which  frets,  disturbs,  torments,  or  renders 
it  uneasy,  affects  these  functions,  and,  among  other  results,  lessens  the 
quantity  or  changes  the  quality  of  the  milk.  Such  is  observed  to  be  the 
case  when  the  cow  has  been  newly  deprived  of  her  calf— when  she  is 
taken  from  her  companions  in  the  pasture  field— when  her  usual  place 
in  the  cow-house  is  changed— when  she  is  kept  long  in  the  house  after 
the  spring  has  arrived-^when  she  is  hunted  in  (he  field  or  tormented  by 
insects— or  when  any  other  drcnmslance  occurs  by  which  irritation  or 
restlessness  is  caused,"  either  of  a  temporary  or  of  a  [lermanent  kind.  I 
do  not  enquire  at  present  into  the  physiological  nature  of  the  changes 
which  ensue— to  tne  dairy  fanner  it  is  of  importance  chiefly  to  be  familiar 
with  the  facts. 

8°.  l^hertice  or  breed  and  size  of  the  an^mfl^— The  quality  of  the  milk 
depends  much  upon  the  race  and  size  of  the  cow.  As  a  general 
rule,  small  races,  or  small  individuals  of  the  larger  races,  give  the  richest 
milk  from  the  same  kind  of  food.  Thus  the  small  Highland  cow  cives 
a  richer  milk  than  the  Ayrshire.  The  small  Aldemeys  give  a  ncher 
cream  than  any  other  breed  in  common  use  in  this  country.*  The  small 
Kerry  cow  is  said  to  equal  the  Alderney  in  this  respect,  while  the  nnall 
Shetlander  has  beenTound  in  the  north  of  Scotland  to  give  ixrm  the  same 
food  a  more  profitable  return  of  rich  milk  than  any  of  the  larger  races. 
All  these  breeds  are  hardy,  and  will  pick  up  a  subsistence  &om  pastures 
on  which  other  breeds  would  8tar\'e. 

The  old  Yorkshire'  stock,  a  cross  between  the  short-horn  and  the 
Holdemess,  is  preferred  by  the  London  cow-keepers  as  giving  the  largest 
quantity  of  milk,  though  poor  in  quality. 

The  long-horns  are  preferred  in  Cheshire  and  Lancashire  because  of 
their  producing  a  greater  quantity  of  cheese.  The  Ayrshire  kyloe,  on 
ordinary  pasture,  is  said  to  be  unrivalled  for  abundant  produce  {A3'lon) 
—though  the  milk  is  not  so  rich  as  that  of  the  small  breeds.  Various 
crosses  have  been  tried  in  different  parts  of  the  island — and  in  almost 
-  every  district  it  has  been  found  that  ihe  produce  of  some  particular  stock 
is  best  adapted  to  the  climate,  the  soil,  the  natural  grasses,  the  prevailing 
husbandry,  or  to  the  kind  of  dairy  produce  which  it  is  the  interest  of  the 
farmer  to  raise  in  his  own  peculiar  neighbourhood. 

•  A  very  rtrlkina  Illiiafraflon  of  the  lUfl^rence  in  lh<?  qimlify  of  0»e  milk  of  two  breeds,  in 
ELS*"® «**'!*"*"■'■"**'''  •■  «'*•<'"  ^y  Mr    Miilcolin,  In  hU  Cuntrtnthum  of  Afodem  fiut- 
»2ISX«-V-*.v^**i.'!fL^'''f™*J'  '".'**,■  S'lff  .Ik  cow,  Ihe  latter  the  beat  he  ever  aaw.    During 
'"'"  "  "  '  "  uraf*',  It  wna  found,  yi'ar  aaeryear,  that  Uie 

KiiflTolk,  fhoush  the  latter  gkxe  more  than 
Husbandry,  il.,  p.  397.  ~*^^^^^^ 


Ifr.fP  yf*"!  ih*  mUk  and  huiier  tieing  kepi  iiei)Hrar«>,  It 
dSohU  .kL^  A'S"™*/  exoeede.1  that  of  the  Suffolk, 
double  the  quantity  of  milk  at  a  mttH-BritUh  Busbm 
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In  the  South  of  Enro{)e,  the  Swiss  breeds  are  considered  the  best  for 
dairy  purposes,  and  of  these  that  of  the  Canton  of  Schweitz,  which,  in 
aze,  is  intermediate  between  the  large  cattle  of  Fribourg  and  Berne,  and 
the  small  breed  of  Hasti.  They  have  enormous  udders  and  give  much 
milk,  but  like  that  of  the  Suflblk  cows  it  is  less  rich  in  butter  and  cheese. 

The  influence  of  breed  alone  upon  the  quality  of  the  milk  is  well  il- 
lustrated by  the  resuh  of  a  series  of  trials  made  at  Bfedley  Hall,  in 
Derbyshire.  During  the  height  of  the  season,  and  when  fedf  upon  tlie 
same  pasture,  cows  of  four  dinerent  breeds  gave  per  daj^ — 

Or  1  lb.  of  butter  was 
Breed.  Milk.  Butter.  yielded  by 

Holdemess     .     .     29  quarts,  and  38^  oz.  12  quarts  of  milk. 

Aldemey  ...     19         "  25    "  12  " 

Devon       ...     17        "  28    "  9f  " 

Ayrsliire  ...    20        "         •34    "  9J  " 

The  Ayrshire  cows  gave  the  richest  milk  and  a  larger  quantity  of  both 
milk  and  butter 4han  the  Alderney s  or  Devons,  but  the  Holdemess  breed 
surpassed  them  all.  It  gave  \  lb.  more  butter  than  the  Ayrshire,  and 
Dearly  one-half  more  milk.  It  would  appear,  therefore,  to  be  admirably 
adapted  to  the  purposes  of  the  town  dairyman,  whose  profit  arises  from 
milk  and  cream  only.  It  does  not  appear  what  is  the  relative  value  of 
this  breed  in  the  production  of  cheese. 

9°.  The  kind  of  food. — But  the  kind  of  food  has  probably  more  in- 
fluence upon  the  quality  of  the  milk  than  any  other  circumstance.  It  is 
familiar  to  every  dairy  farmer  that  the  taste  and  colour  of  his  milk  and 
cream  Jire  affected  by  the  plants  on  which  his  cows  feed,  and  by  the  food 
he  gives  tliem  in  the  stall.  The  taste  of  the  wild  onion  and  of  the  turnip, 
when  eaten  by  the  cow,  are  often  perceptible  both  in  the  milk  and  in  the 
butter.  If  madder  be  given  to  cows  the  milk  is  red,  if  they  eat  saffron 
it  becomes  yellow.  It  has  also  been  observed  from  the  most  remote 
tiifles,  that  when  fed  upon  one  pasture  a  cow  will  yield  more  cheese, 
upon  another  more  butter.  From  tl^is  has  arisen  the  practice  more  or 
less  observed  in  all  dairy  districts  of  varying  the  food  of  the  cattle— of 
giving  some  artificial  food  in  addition  to  that  obtained  in  the  natural  pas- 
tures—of leaving  the  animal  at  liberty  to  roam  over  wide  pastures  and 
thus  to  seek  out  for  itself,  as  the  sheep  does  on  extensive  sheep-walks, 
those  difierent  kinds  of  herbage  which  are  necessary  to  the  production 
of  a  rich  and  valuable  milk— or  in  more  inclosed  districts,  and  where 
diSerent  soils  exist  on  the  same  farm,  of  turning  them  during  the  former 
part  of  the  day  into  one  field,  and  during  the  latter  part  into  another. 

Various  sets  of  experiments  have  been  made  with  the  view  of  deter- 
mining the  relative  quantities  of  butter  and  cheese  produced  by  the  same 
animsds,  when  fed  upon  different  kinds  of  food.  Much,  however,  re- 
mains yet  to  be  done  both  by  the  practical  dairy  farmer  and  by  the  an- 
alytical chemist,  before  this  subject  can  be  fully  cleared  up.  According 
to  theory,  as  I  shall  more  fully  explain  in  my  next  lecture,  the  legumi- 
nous plants— clover,  tares,  &c.,  and  the  cultivated  seeds  of  such  plants- 
peas  and  beans,  ought  to  promote  tlie  production  ©f  cheese ;  while  oil- 
cake, oats,  and  other  kinds  of  food  which  contain  much  oily  matter, 
ought  to  favour  the  yield  of  hutter.  The  most  recent  experiments  we 
possess,  however,  do  not  lend  any  decided  confirmation  to  these  theoreti- 
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ral  viewB.  The  most  extensive  series  of  trials  lately  published  is  that 
of  Boussingault,  [Annates  de  Chim.  et  de  Phys.,  Ixxi.,  p.  79,]  from 
which  I  select  the  following : — 

FIRST  SISRICS  MAD£  ON  A  FRENCH  COW. 

Tk...«A..  Quarts  Composition  ofthemOk  percent 

^iiliri        Kind  of  food  of      . . 

«"^"*fr         .  milk.   Ciuein.    Butter.    Sufar.      Halts.      Water. 

200  Hay    ....  5  30  45  47  0-1  877 

307  Turnips  ...  5*  30  43  50  0^  876 

215  Beet    ....  5  34  4-0  5-3  03  871 

329  Potatoes  ...  44  34  40  5-9  0*3  86-5 

303  Hay  and  oil-cake  3^  3  4  3-6  60  0-3  868 

SECOND  SERIES  MADE    ON  A  SWISS  COW. 

176    Potatoes  and  hay      8 J        33        48        51        0-3        865 

183    Hay  and  clover         7j        40        4  5        4  0       0  3        87-3 

193    Clover      ...        8J      "40        22        47        0-3        888 

204    Do.  in  flower    .        6 J        3  7        3  5        53       03       874 

In  the  first  series  of  experiments  ilie  proportioir  of  cheesy  matter  and 

of  sugar  was  greatest  when  beets,  potatoes,  and  oil-cake  were  given, 

while  the  largest  proportion  of  butter  was  obtained  from  the  use  of  hay 

and  the  least  from  oil- cake. 

In  the  second  series  the  proportion  both  of  cheese  and  of  butter  de- 
creased by  the  use  of  clover,  while  the  quantity  of  milk  was  not  per- 
manently increased. 

These  two  series  of  experiments  may  appear  to  be  desen'ing  of  leas 
reliance  because  they  were  not  made  on  successive  days,  but  at  varying 
intervals  of  time.  But  some. recent  experiments,  made  in  Lancashire 
by  Dr.  Playfair,  are  little  more  satisfaciorj'.  These  were  mode  upon  a 
short- horned  cow,  which  was  fed  one  day  in  the  field  on  afler-grass,  and 
during  the  four  succeeding  days  in  the  stall,  upon  weighed  quantities  of 
di0erent  kinds  of  food.     [Memoirs  of  the  Chemical  Society,  i.,  p.  174.] 

^  Composition  of  the  milk. 

Day's  Food.  Qts.  , ■ — • -^ 

Casein.    Duller.   8ugar.    Salta.   Waier. 

io    AA«,»^..  S  Evening's  milk..    4         5-4         37         3-8         06         86-6 

1  .  Alter-gran jMornlng's    do..    4^       39        56        30        0-5        870 

2°.  28}bfl.Ha7 ;  Evening's  do..  3^  4-9  61  3-8  0-5  86-7 

24  llM.  Oatmeal....  ^Monilng's  do..  4  64  39  4-8  0-6  86-4 

^-  i! IS- "fSmk;]"-^  Evening's  do..  4  -  -  -  -  ^ 

8^b.'*he^Tot::    Monii'^S's  do..  4»  39  46  46  07  863 

SliSBei/n^w::    Morninr.    do..    4         27         4-9         60         0-6         85-9 

60.  141b8.Hiiy ^Evpning's    do..    6i       39         4-6         39         0-6         87-1 

30  lbs.  Potatoes...  S  Morning's    do..    4|       3-6         4*9         3*8         0-6         87-3 

In  these  experiments  there  appears  an  increase  in  the  proportion  of  but- 
ter and  sugar,  and  in  the  quantity  of  milk  on  the  fourth  day,  when  the 
potatoes,  hay,  and  bean  flour  were  given  together.  On  the  fifth,  when 
potatoes  and  hay  only  were  given,  the  quantity  of  milk  went  on  increase 
ing,  but  it  was  poorer  in  qirality.  Could  we  infer  any  thing,  then,  from 
a  single  day*s  trial,  it  would  be  tliat  the  bean  meal  liad  aided  in  the  pro- 
duction of  butter  and  sugar — instead  of  cheese,  as  theory  would  indicate 
^ while  the  steamed  potatoes  had  added  to  the  quantity  of  the  milk. 
But  no  sensible  results  can  justly  be  expected  in  regard  to  the  influence 
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of  this  or  that  food,  except  by  a  much  more  prolonged  series  of  careful 
observations. 

If  we  compare  the  quantity  of  albumen  and  casein  contained  in  the 
food,  with  that  yielded  in  the  milk  during  the  four  days'  experiments  of 
Dr.  Playfair,  we  shall  find  no  perceptible  relation  between  the  two  quan- 
tities.    Thus,  the  cow  on  tlie — 

Albumen  Of  Casein 

2d  day  eat  2i  lbs.,  and  yielded  0-93  lbs. 

3d       "  5     "  "  1-0     •* 

4th      "  4      "  »*  0-75  " 

5th      "  1-7"  •*  •    0-94  •" 

So  that,  whether,  as  on  the  third  day  double  the  quantity  was  eaten,  or, 
as  on  the  fifth,  little  more  than  hsdfas  much  as  was  consumed  on  the 
second  day,  the  produce  of  cheesy  matter  in  the  milk  was  sensibly  the 
same,  on  each  of  the  three  days. 

We  must  not,  however,  from  these  experiments,  infer  tliat  the  kind  of 
food  really  has  no  influence  upon  the  quality  of  the  milk^for  this  con- 
clusion is  contradicted  by  general  experience.  We  must  wait  rather  for 
renewed  and  more  extended  practical  researches,  by  which  both  our 
theory  and  practice  may  probably  be  amended,  and  by  which  the  con- 
clusions may  be  reconciled  to  which  they  respectively  lead  us.  [See  the 
following  Lecture  **  On  the  feeding  of  stock.^^] 

10°.  State  of  pregnancff. — I  have  already  stated  (p.  635),  that  the 
richness  in  cream  diminishes  as  soon  as  tlie  cow  becomes  pregnant.  The 
same  is  no  doubt  true  also  of  the  amount  of  cheese  which  the  same 
volume  of  milk  will  be  capable  of  yielding.  It  must  become  poorer  in 
every  respect,  or  else  considerably  less  in  miantity  (p.  541),  as  soon  as  the 
cow  is  with  calf,  since  a  portion  of  tlie  food  which  might  otherwise  have 
been  employed  in  the  production  of  milk,  must  now  be  directed  to  the 
nourishment  of  the  young  animal  in  the  womb  of  the  mother.  In  the 
experiments  to  which  I  have  just  directed  your  attention  in  regard  to  the 
effect  of  the  kind  of  food  upon  the  quality  of  the  milk,  the  state  of  preg- 
nancy of  the  animal  was  not  taken  into  consideration,  though,  as  I  have 
cdready  said,  this  must  necessarily  exercise  an  important  influence  upon 
the  quality  of  the  milk,  whatever  be  the  kind  of  food  u[K)n  w^hich  the 
animal  may  have  been  fed.*  To  this  the  want  of  accordance  bet^a'een 
theory  and  experiment  is  probably  in  part  to  be  ascribed. 

ll**.  Individual  form  and  constitution  of  the  aninuiL^^But  it  is  well 
known  that  animals  of  the  same  breed,  fed  on  the  same  food,  will  yield 
milk  not  only  in  different  quantities,  but  also  of  very  different  quality. 
In  regard  to  the  form,  Mr.  Youatt  states  that  the  **  Milch  cow  should 
have  a  long  thin  liead,  with  a  brisk  but  placid  eye, — should  be  thin  and 
hollow  in  the  neck,  narrow  in  the  breast  and  point  of  the  shoulder,  and 
altogether  light  in  the  forequarter — but  wide  in  the  loins,  with  little  dew- 
lap, and  neither  too  full  fleshed  along  the  chine,  nor  shewing  in  any  part 
an  inclination  to  put  on  much  fat.  The  udder  should  especially  be 
large,  round,  and  full,  with  the  milk  veins  protruding,  yet  thin  skinned, 
but  not  hanging  loose  or  tending  far  behind.  The  teats  should  also  stand 
square,  all  pointing  out  at  equal  distances  and  of  tlie  same  size,  and  al- 

'  Both  of  the  cows  ezperimenled  upon  bj  Bouss^Ini^auU  were  with  calf;  Dr.  Playfair  does 
not  oienUon  whether  hit  was  so  or  not  ^  , 

^     23*  uigmzeuoy  Google 
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thoDgb  neither  very  largo  nor  thick  towards  the  udJer,  yet  long  and 
tapering  towards  a  point.  A  cow  with  a  large  head,  a  high  backbone,  a 
small  udder  and  teats,  and  drawn  up  in  the  belly,  will,  beyond  all  doubt, 
be  found  a  bad  milker.*'  [Youatfs  Cattle,  p.  244,  quoted  in  British  Hus- 
bandry, ii.,  p.  397.]  Thus,  while  much  depends  upon  the  breed,  the 
form  of  the  individual  also  has  much  influence  upon  its  value  as  a 
milker. 

But  independent  of  form,  the  quality  of  the  milk  is  gread}''  aflfected  by 
the  individual  constitution  of  every  cow  we  feed.  Thus  in  a  report  of 
the  produce  of  butter  yielded  by  each  cow  of  a  drove  of  22,  chiefly  of  the 
Ayrshire  breed — all  of  which  we  may  presume  to  have  been  selected 
for  dairy  pur|x>ses  with  equal  reganl  to  their  forms — and  which  were 
all  fed  upon  the  same  pastures  in  Lanarkshire,  the  yield  of  milk  and 
butter  by  four  of  the  cows  in  the  same  week  is  given  as  follows  :— 
Milk.  Butter. 

A  yielded     ...     84  quarts,  which  gave     ....     3^  lbs. 

F  and  R  each      ,     86       •*  "        " 6i  Ibs- 

G  yielded    ...     88       "  "        " 7    lbs.* 

Showing  that,  though  the  breed,  the  food,  and  the  yield  of  milk  was 
nearly  the  same,  the  cow  G  produced  twice  as  much  butter  as  the  cow 
A—- or  its  milk  was  twice  as  rich.  This  result  w^ould  have  been  still 
more  interesting  had  we  known  the  relative  quantities  of  grass  consumed 
by  these  two  cows  respectively. 

I  will  not  insist  upon  other  causes  by  which  the  quality  of  the  milk  is 
more  or  less  materially  affected.  It  is  said  that  when  stall  fed  the  same 
cow  will  yield  more  butter  tlian  when  pastured  in  the  field-^hat  the  age 
of  the  pasture  also  influences  the  yield  of  butter — ^and  that  salt  mingled 
with  the  food  improves  both  the  quantity  and  the  quality  of  the  rrulk. 
There  arc,  probably,  few  circumstances  which  are  capable  in  any  way 
of  affecting  die  comfort  of  tlie  animal  which  will  not  also  modify  the 
quality  of  the  milk  it  yields. 

^3.  Of  the  circumstances  tokich  c\ffeci  the  quantity  of  the  milk. 

The  epithet  good-milker  applied  to  a  cow  has  very  diflerent  significa- 
tions in  diflerent  districts  and  countries.  Thus  the  experiments  of 
Boussingault  upon  the  efl^ect  of  different  kinds  of  food  on  the  quality  of 
the  milk  (p.  538)  were  made  upon  a  French  cow  which  was  considered 
a  good  milker,  and  yet  when  in  best  condition  never  gave  more  than  11 
quarts  a  day.  Two,  or  even  tw^o  and  a  half,  times  Uiat  quantity  is  not 
considered  extraordinary  in  the  height  of  the  season  in  many  parts  of  our 
island. 

There  are  three  circumstances  which  principally  affect  the  quantity  of 
milk — namely,  the  breed,  the  kind  of  food  or  pasture,  and  die  distance 
from  the  lime  of  calving. 

1°.  The  6rf«rf.— The  smaller  breeds  of  cattle  yield,  as  is  to  be  ex- 
pected, a  smaller  daily  produce  of  milk — though  from  the  same  weieht 
of  food  they  occasionally  give  even  a  greater  volume  of  milk  than  Uie 
larger  breeds. 

Good  ordinary  cows  in  this  country  yield,  on  an  average,  from  8  to  12 

•  Pnx9  Smayt  of  the  Hiehlatid  Society,  New  Series,  H.,  p.  fl6& 
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quarto  a  day.    The  county  sarveys  state  the  average  daily  produce  of 
dairy  cows  to  be,  in— 

Devonshire     .     .     .     12qts.  I  Lancashire  .     .     .     6to9qts. 

Cheshire    ....      8  "     |  Ayrshire B  ** 

But  the  best  Ayrshire  k^'loes  will  yield  an  average  of  12^  quarto  daily, 
during  10  months  of  the  year  (Ayton). 
The  yearly  produce  of  the  best  Ayrshire  kyloes  is  stated  by  Mr. 

Ayton  at 4000  qto 

Of  average  Ayrshire  stock 2400  " 

Good  short-horns,  grazed  in  summer,  and  fed  on  hay  and  tur- 
nips in  winter  (Dickson) •      .         .  4000  *' 

Mixed  breeds  in  Lancashire  (Dickson) 3500  ** 

Large  dairy  of  mixed  long  and  short-horns,  at  Workington 

Hall,  taking  an  average  of  4  years  ( Mr.  jCurwen)      .         .  3700  ** 
(Jrossed  breeds  in  many  localities  are  found  more  productive  in  milk 
than  pure  sttxk  of  any  of  the  native  races  of  cattle. 

2°.  Food  and  pasture, — In  the  same  animal  the  quantity  of  milk  is 
known  to  be  greatly  influenced  by  the  kind  of  food.  This  is  best  under- 
stood in  the  neighbourhood  of  large  towns  where  the  profit  of  the  dairy- 
man is  dependent  upon  the  quantity*  rather  than  upon  tiie  quality  of  Ws 
luilk.  Hence  the  value  of  highly  succulent  foods— of  the  grass  (/f  irri- 
gated meadows — of  mashed  and  steamed  food— of  brewers'  grains— ot 
turnips,  potatoes  and  beets— and  of  other  similar  vegetable  productions 
which  contain  much  water  intimately  mixed  with  nutritive  matter,  and 
thus  tend  both  to  aid  in  tlie  production  of  milk  and  to  increase  its  quan- 
tity. 

3°.  Distance  from  the  time  of  calmng.-^h  is  a  well-known  fact  that 
rows  in  general  after  the  first  two  months  from  the  time  of  calving, 
though  fed  upon  the  same  food  in  equal  quantity,  begin  gradually  to  give 
less  milk,  till  at  the  end  of  about  10  months  tliey  become  altogether,  or 
nearly,  dry.  In  the  best  Ayrshire  kyloes,  the  rale  of  this  decrease  is  thus 
represented  by  Mr.  Ayton  : — 

First  fifty  days,  24  qts.  per  day,— or  in  all,  1200  qts. 
Second    do.         20     *•         "  "  1000  ** 

Third       do.         14     "         "  ».•  700  •♦ 

Fourth     do.  8     "         "  "  400  »♦ 

Fifth        do.  8     •»         "  "  400  " 

Sixth       do.  6     "         "  «*  300  " 

*  Some  cows  indeed  do  not  run  dry  throughout  the  whole  year,  but  lliese 
may  be  considered  as  exceptions  to  the  general  rule.  By  feeding  them 
upon  brewer's  grains,  mashes,  and  succulent  grass,  the  milk-sellers  near 
our  large  towns  occasionally  keep  the  same  cow  in  profitable  milking 
condition  for  three  years  andi  upwards.f  Such  cows  are  generally  fat- 
tened after  they  have  become  dry — indeed  as  they  cease  to  give  milk, 
they  generally  lay  on  fat  in  its  stead— and,  as  soon  as  they  are  consider- 
ed ripe,  are  sold  off  to  the  butcher. 

*  It  is  quoted,  even  by  foreU[n  writers,  as  a  fair  Juke  against  tlie  dairy  establishments  of 
oor  large  towns,  that  amung  Uie  advantages  posses^pd  by  one  wliich  was  advertised  for  sale, 
moch  stress  was  laid  upon  a  never/aiUng  jmmp — See  u  latte  e  i  suoi  prodottt  p.  67. 

t  Even  on  shipboard  I  have  heard  of  a  cow  being  Icept  In  milk  during  the  whole  of  a  thres 
years'  enilae— the  food  being  principally  a  kind  of  pease  soup.  After  the  first  year,  how* 
•ver,  the  milk  is  said  to  become  thinner  and  more  watery. 
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§  4.  €ff  tikt  mode  of  separating  and  estimating  the  several  amstituenU 

of  milk* 

1°.  If  a  weighed  quantity  of  milk  be  allowed  to  stand  for  a  sufficient 
lenffth  of  time,  the  cream  will  rise  to  the  top,  and  may  be  eamly  skim- 
med off.  If  this  cream  be  gently  heated  the  butter  in  an  oily  form  will 
(\iilect  upon  the  surface,  and  when  cold  may  be  separated  from  the 
water  beneath,  and  its  weight  determined. 

2<*.  If  the  skimmed  milk  be  gently  warmed,  and  a  little  vinegar  or 
rennet  then  added  to  it,  the  curd  will  separate,  and  may  be  collected  in  a 
cloth,  pressed,  dried,  and  weighed. 

3**.  If  a  second  equal  portion  of  the  milk  be  weighed  and  then  evap- 
orated to  dryness  by  a  gentle  heat  and  again  weighed,  the  loss  will  be 
the  quantity  of  water  which  the  milk  contained. 

4^.  If  now  the  dried  milk  be  burned  in  the  air  till  all  the  combustible 
matter  disappears,  and  the  residue  be  weighed,  the  quantity  of  inorganic 
saline  matter  will  be  determined. 

5°.  Supposing  those  processes  to  be  performed  with  tolemble  accuracy, 
the  difference  between  the  sum  of  the  weight  of  the  water,  butter,  cura, 
and  ash,  and  the  weight  of  the  milk  employed,  will  nearly  represent 
that  of  the  sugar  contained  in  the  given  quantity  of  milk. 

For  many  purposes  a  rude  examination  of  milk  afler  this  manner  may 
be  sufficient,  but  where  any  tiling  like  an  accurate  analysis  is  required, 
more  refined  methods  must  be  adopted.  In  such  cases,  the  fbllo^'iDg 
appears  to  be  the  best  which  has  hitherto  been  recommended.  [Haid- 
len,  Annal.  der  Chem.  &  Phar.,  xlv.,  p.  263.] 

a.  Tke  iuW^r.— The  weighed  quantity  of*^  milk  is  mixed  with  one- 
sixth  of  its  weight  of  common  unburnt  gypsum  previously  reduced  to  a 
very  fine  powder.  The  whole  is  then  evaporated  to  dryness  with  fre- 
quent stirnng  at  the  heat  of  boiling  water  (212*^  F.)  A  brittle  mass  is 
obtained,  which  is  reduced  to  fine  powder.  By  digesting  this  powder  in 
ether,  the  whole  of  the  butter  is  dissolved  out,  and  by  evaporating  the 
ether,  may  be  obtained  in  a  pure  state  and  weighed.  Or  the  powder 
itself,  after  being  treated  with  ether,  may  be  dried  and  weighed.  The 
butter  is  then  estimated  b  v  the  loss. 

6.  The  tfu^ar.^-Afler  the  removal  of  the  butter,  alcohol  is  poured  upon 
the  powder  and  digested  with  it.  This  takes  up  the  sugar  with  a  little 
saline  matter  soluble  in  alcohol.  By  evaporating  this  solution  and 
weighing  the  dry  residue,  the  quantity  of  sugar  is  determined.  Or,  as 
before,  the  powder  itself  may  be  dried  and  weiglied  and  the  sugar  esti- 
mated by  the  loss.  If  we  wish  to  estimate  the  small  quantity  of  inor- 
ganic saline  matter  which  has  been  taken  up  along  with  the  sugar,  it 
may  be  done  by  burning  the  latter  m  the  air,  and  weighing  the  residue. 

c,  Tke  saline  matter.-^ A  second  weighed  portion  of  milk  is  now  evap- 
orated carefully  to  dryness  and  again  weighed.  The  loss  is  the  water. 
The  dried  milk  is  tlien  burned  in  the  air.  The  weight  of  the  incombus- 
tible ash  indicates  the  proportion  of  inorga^c  saline  matter  contained  in 
the  milk. 

d.  The  casein. — The  weight  of  the  butter,  sugar,  saline  matter  and 
water  beln^  thus  known  and  added  together,  the  deficiency  ia  the  weight 
of  the  casem. 
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\b*Ofthe  sugar  of  milky  and  of  the  acid  of  milk  or  lactic  arid. 

Before  I  can  hope  to  make  you  understand  the  nature  of  tlie  changes 
wliich  take  place  during  the  souring,  the  churning,  and  the  curdling  of 
milk,  it  will  be  necessary  to  make  you  acquainted  with  the  sugar  of 
railk,  and  with  lactic  acid  or  the  acid  of  milk. 

1^.  Sugar  of  mi/A:.— When  the  curd  is  separated  from  milk,  the  raw 
whey  afterwards  boiled — with  or  without  the  addition  of  new  and  butted 
milk— and  the  floating  churd  skimmed  ofi*  or  separated  by  straining 
through  a  cloth,  the  whey  is  obtained  nearly  free  from  butter  and  cheese. 
By  mixing  it  while  hot  with  well  beat  white  of  egg,  die  remainder  of  the 
curd  is  coagulated,  and  may  be  removed  by  again  straining  through 
cloth.  If  the  clear  whey,  thus  obtained,  be  boiled  down  in  a  ]>an  to  one 
fourth  of  its  bulk,  then  poured  into  an  earthen  dish,  and  set  aside  for  a 
few  days  in  a  cool  place,  minute  hard  white  crystals  gradually  de- 
posit themselves  upon  the  sides  and  bottom  of  tlie  vessel.  These  crystals 
are  tugar  of  milk.  A  second  portion  may  be  obtained  by  evaporating 
the  remaining  whey  still  further,  and  again  setting  aside.  If  the  whey 
be  at  once  evaporated  to  dryness  a  white  mass  of  unpure  sugar  is  pre^- 
pared,  which  in  many  places  is  used  an  an  article  of  food.  Ot  the  purer 
variety  large  quantities  are  extracted  from  milk  by  the  Swiss  shepherds, 
and  in  their  country  it  forms  an  important  article  of  commerce* 

The  sugar  of  milk  is  less  sweet  than  that  of  the  grape,  or  of  the  sugar 
cane.  It  is  harder  also,  and  much  leas  soluble  in  water,  and  is  gritty 
between  the  teeth.  This  sugar  undergoes  no  change  when  expo^  to 
the  air,  either  in  the  dry  state  or  when  dissolved  in  water.  But  if  a  little 
of  the  curd  of  milk  (casein)  be  introduced  into  the  solution  it  gradually  be^^ 
comes  sour,  lactic  acid  is  formed,  and  the  liquid  begins  to  ferment.  Car- 
bonic acid  is  given  oflP— as  is  the  case  during  the  fermentation  of  other 
liquids— -and  alcohol  is  produced.  In  milk  the  two  substances  are  na* 
turallv  intermixed,  and  it  is  the  presence  of  the  cheesy  matter,  as  we 
shall  nereaflcr  see,  which  at  favourable  temperatures  always  causes  milk 
of  every  kind  first  to  become  sour  and  then  to  ferment. 

The  gluten  of  wheat  and  animal  membranes  of  various  kinds  produce 
a  ttmilar  eflect  upon  solutions  of  sugar  of  milk.  A  piece  of  bladder,  or 
of  the  gut  or  stomach  of  an  animal,  immersed  into  a  solution  of  the  sugar, 
changes  it  by  degrees  into  lactic  acid,  and  upon  this  influence  depends 
the  effect  of  the  calfs  stomach,  in  the  form  of  rennet,  in  the  curdling  of 
milk.  The  effect  of  such  membranes  is  more  speedy  afler  they  have 
been  some  time  taken  from  the  body  of  the  animal,  a  fact  which  also  ac- 
cords with  the  long  experience  of  the  dairy  districts  in  the  preparation  of 
rennet. 

When  a  little  sulphuric  or  muriatic  acid  is  added  to  a  solution  of  milk 
sugar,  it  is  slowly  converted  into  grape  sugar.  This  change  is  hastened 
very  much  by  boiling  it  with  the  acid.  It  is  supposed  that  previous  to 
the  fermentation  of  milk  the  sugar  it  contains  undergoes  a  similar  change 
into  the  sugar  of  grapes. 

Milk  sugar  has  not  hitherto  been  formed  by  art.  It  exists  in  the  niilk 
of  all  mammifcrous  animals,  and  from  this  source  alone  have  we  hith- 
erto been  able  to  obtain  it. 

2°.  The  acid  of  milk— lactic  acid* — When  milk  is  exposed  to  the  air 
for  a  length  of  time  it  acquires  a  sour  taste,  which  gradually  increases  io 
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intensity  till  at  length  the  whole  begins  to  ferment.  This  sour  taste  is 
owing  to  the  production  of  a  j>eculiar  acid,  to  which  the  name  of  acid 
of  milk  or  lactic  acid  has  been  given.  The  same  acid  is  formed  during 
the  fermentation  of  the  juices  of  the  beet,  and  of  the  turnip,  in  sour  cab- 
bage (sauer  kraut),  and  sour  malt,  in  brewers*  grains  which  have  become 
sour,  in  the  sour  vegetable  mixtures  with  which  cattle  are  often  fed,  in 
the  waste  liquor  of  the  tanners,  in  the  fermented  extract  of  rice,  and  in 
large  quantity  during  the  fermentation  of  the  gluten  in  the  manufacture 
of  starch  from  wheaten  flour,  or  of  a  mixture  of  oat-meal  or  bean- 
meal  with  water,  which  is  allowed  to  stand  and  become  sour. 

The  acid,  therefore,  differs  from  the  sugar  of  milk  in  so  far  that  it  can 
readily  be  formed,  and  in  any  quantity,  by  aitlBcial  means.  As  it  is 
not  employed  for  any  economical  purposes,  I  shall  not  trouble  you  with 
the  methods  by  which  this  acid  is  obtamed  in  a  state  of  purity. 

It  is  rarely  found  in  milk  when  first  drawn  from  the  cow,  but  it  very 
soon  begins  to  be  formed  in  it.  It  is  produced  from  the  sugar,  through 
the  influence  of  the  cheesy  matter  of  the  milk.  The  pure  acid  may  be 
mixed  with  cold  milk  without  causing  it  to  curdle,  but  if  the  mixture  be 
heated,  the  curd  forms  and  speedily  separates.  It  is  for  the  same  reason 
that  milk  may  be  distinctly  sour  to  the  taste,  and  yet  may  not  coagulate. 
But  if  such  milk  be  heated  it  will  curdle  immediately.  So  cream  when 
sour  maf  not  appear  so,  till  it  is  poured  into  hot  tea,  when  it  will  break 
and  leave  its  cheesy  matter  floating  on  the  surface. 

§  6.  Of  the  multutl  relations  which  exist  between  lactic  acid  and  (he  cane, 
grape,  and  milk  sugars. 

It  is  important,  and  I  think  it  will  prove  interesting  to  you,  to  under- 
stand the  beautifully  simple  relation  which  exists  between  the  sugar  of 
milk  and  this  lactic  acid,  which  plays  so  important  a  part  in  nearly  all 
your  daily  operations. 

Cane  sugar,  grape  sugar,  milk  sugar,  and  lactic  acid,  as  they  exist  in 
solution  in  water  or  in  milk,  may  all  be  represented  as  compounds  ofcar^ 
bon  with  water-^or  of  carbon  with  hydrogen  and  oxygen  in  the  propor- 
tions in  which  they  exist  in  water.     Thus  they  consist  respectively  of^— 

12  Carbon  +  12  Water 
12C  +  12H  -h   120    or     12C  +  12HO» 

12  CarboD  +  14  Water 
14H  H-  140    or    12C  +  14HO 

21  Garboo  +  94  Water 
24H  -f  240    or    24C  +  24HO 

6  Carbon  +  6  Wafer 
6H  -h     60    or      6C  -h     6HO 

4  Carbon +  3  Water 
4C  -f-      3HO 


Cane  sugar    . 
Chape  sugar 
Milk  sugar    . 
Lactic  acid    .     .     . 
Acetic  acid  (vinegar) 


12C 
24C 


6C 

4C  -f-     3H  -f     30 


I  have  added  acetic  acid  to  this  list,  to  show  you  that  the  lactic  acid 
bears  a  similar  relation  to  the  sugars  as  this  acid  does.  You  will  recol- 
lect that  starch,  gum,  and  wocxly  fibre,  have  also  a  similar  relation  to 
the  sugars — and  tliat  by  certain  apparently  simple  transformations  these 

'  C,  H,  and  O,  aa  In  ter  former  leeturea,  representing  reapeettrelj  antoD,  hydngon,  and 
•<7gen,  and  HO  woter-Hi  componnd  of  liydiogen  with  oxygen. 
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several  subatances  are  capable  of  being  converted  into  grape  sugar.  In 
like  manner  all  these  sugars  by  a  similar  simple  transformation  are 
readily  converted  into  one  or  other  of  the  two  acids  above  named.  Starch, 
gum,  and  woody  fibre  in  favourable  circumstances  are  transformed  intc 
sugar,  (see  Lecture  VI.,  p.  Ill)— the  sugars,  in  favourable  circum- 
stances, are  further  transformed  into  the  lactic  or  the  acetic  acids. 

We  have  seen  that  animal  membranes  or  the  curd  of  milk  have  the 
property  of  changing  these  sugars  into  lactic  acid.  This  they  do,  though 
excluded  from  the  action  of  the  air,  and  without  the  escape  of  any  gas. 
The  above  formulae  show  with  what  apparent  simplicity  this  may  be 
accomplished. 

In  fact,  cane  sugar,  milk  suear,  and  lactic  acid,  as  above  represented, 
consist  of  the  same  elements  united  together  in  the  same  proportions.  It 
is  easy  to  conceive  therefore  in  what  way  the  one  may  be  transformed 
into  the  other. 

1°.  Two  of  lactic  acid  are  represented  by  12C  +  12H  +  120,  which 
is  the  formula  for  cane  sugar.  The  transforming  action  of  the  animal 
membrane,  or  of  the  casein  in  its  state  of  incipient  decay,  is  tlierefore 
simply  to  cause  the  elements  of  the  sugar  to  assume  a  new  arrangement 
—in  which  instead  of  cane  su^ar  they  form  a  substance  having  the  very 
different  properties  of  lactic  acid. 

2®.  Again,  milk  sugar  is  represented  by  24C  +  24H  +  2#[),  and  4 
of  lactic  acid  are  also  equal  to  24C  -{-  24H  +  240 ;  the  change  which 
takes  place  when  milk  becomes  sour,  therefore,  is  easily  understood 
Under  the  influence  of  the  casein  the  elements  of  a  portion  of  the  milk 
sugar  are  made  to  assume  a  new  arrangement,  and  the  sour  lactic  acid 
is  the  result.  There  is  no  loss  of  matter,  no  new  elements  are  called  into 
play,  nothing  is  absorbed  from  the  air  or  given  ofT  into  it— but  a  simple 
transposition  of  the  elements  of  the  sugar  takes  place,  and  the  new  acid 
compound  is  produced. 

These  changes  appear  very  simple,  and  yet  how  difficult  it  is  to  con- 
ceive by  what  mysterious  mfluence  the  mere  contact  of  this  decaying 
membrane  or  of  the  casein  of  the  milk,^an  cause  the  elements  of  the 
sugar  to  break  up  their  old  connexion,  and  to  arrange  themselves  anew 
in  another  prescribed  order,  so  as  to  form  a  compound  endowed  with 
properties  so  vety  diflerent  as  those  of  lactic  acid.  It  is  beautiful  to  see 
the  simple  means  by  which  in  nature  so  many  important  ends  are  ac- 
complished— to  observe  how  they  are  all  veiled  to  the  uninstructed— and 
how  every  slight  accession  to  our  knowledge  opens  up  new  wonders  to 
us  even  in  those  ordinary  operations  with  which  during  our  whole  lives 
we  have  been  most  familiar. 

From  these  intellectual,  in  addition  to  otlier  rewards,  which  constantly 
follow  the  study  of  nature,  you  will  with  me  draw  the  conclusion— 
which  is  ever  pressing  itself  upon  our  attention— that  it  is  the  will  and 
intention  of  the  Deity,  that  all  his  works  shall  be  thoroughly  studied  and 
investigated.  But  you  will,  I  think,  agree  with  me  in  drawing  this  con- 
clusion, because  of  the  further  and  higher  moral  efiect  also  which  such 
investigations  tend  to  produce  upon  the  mind.  Every  fresh  discovery, 
as  it  opens  up  new  fields  of  knowledge,  forces  upon  us  more  distinctly  the 
sense  of  our  own  ignorance.  In  the  case  before  us  ^e  are  delighted  by 
the  apparent  simplicity  which  the  several  transformations  of  starch  intc 
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sugar,  and  of  the  latter  into  lactic  acid,  may  be  brought  about,  and  seem 
'almost  to  understand  how  it  is  done,  since  it  can  be  eSected  by  a  simple 
transposition  of  their  elements.  But  the  after-thought  occurs — by  what 
kind  of  power  is  this  change  effected  ?  The  materials  are  certainly  pre- 
sent, but  how  are  they  made  to  shift  their  relative  positions,  and  move 
into  their  new  places  ?  We  have  conquered  one  intellectual  difficulty 
only  to  encounter  another  apparently  still  harder  to  overcome. 

(t  was  said  first,  I  believe  by  Priestley,  [Experiments  and  Obser- 
vations, ii.,  p.  ix.,  edition  1781,]  **  that  the  greater  the  circle  of  ligh^ 
the  greater  is  the  boundary  of  darkness  by  which  il  is  confined.'*  Thus 
they  who  know  the  most  are  the  most  strongly  impressed  with  the  sense 
of  their  own  want  of  knowledge.  What  a  fine  result  this  is  of  large 
acquirements  I  And  how  touchingly  it  was  expressed  by  Sir  Isaac  New- 
ton, when  he  likened  his  great  discoveries  to  the  gathering  of  a  few  peb- 
bles along  the  sea-shore— the  vast  ocean  of  natural  knowledge  lying  still 
unexplored  before  him ! 

^7.  Of  Uu  souring  and  preserving  of  milk. 

The  natural  souring  of  milk  requires  now  little  explanation.  It  arises 
from  the  gradual  conversion  of  the  sugar  into  the  acid  of  milk  by  the 
action  of&e  casein.  There  are,  however,  one  or  two  circumstances  con- 
nected wkh  it  to  which  it  may  be  proper  to  advert. 

1°.  If  milk  be  kept  at  a  low  temperature,  it  may  be  preserved  for  se- 
veral days  without  becoming  sensibly  sour.  This  is  effected  in  Switzer- 
land by  immersing  the  milk  vessels  in  a  shallow  trough  of  cool  water, 
which,  by  means  of  a  running  stream,  can  at  any  time  be  renewed.  In 
such  circumstances  the  action  of  the  cheesy  matter  in  converting  the 
sugar  into  lactic  acid  is  very  slow. 

2**.  But  if  the  milk  be  kept  at  the  temperature  of  65°  or  70°  F.  it  be- 
comes sour  with  great  rapidity,  and  if  afterwards  raised  to  the  boiling 
point  curdles  immediately.  An  easy  way  of  preserving  milk  or  cream 
sweet  for  a  longer  time,  or  of  removing  the  sourness  when  it  has  already 
come  on,  is  to  add  to  it  a  small  quantity  of  the  common  soda,  pearl  ash, 
or  magnesia  of  the  shops.  Enough  is  added,  when  a  little  of  the  milk 
poured  into  boiling  water  no  longer  throws  up  any  curd.  As  the  small 
quantity  of  soda  or  magnesia  thus  added  is  not  unwholesome,  cream 
may  in  this  way  be  kept  sweet  for  a  considerable  time,  or  may  have  its 
sweetness  restored  when  it  has  already  become  sour. 

3°.  I  have  already  observed  to  you  that  animal  membrane,  the  curd  of 
milk,  or  any  of  those  substances  which  possess  the  power  of  changing  sugar 
into  lactic  acid,  loose  that  power  if  the  solution  in  which  they  are  present 
be  raised  to  the  boiling  temperature.  Hence  if  milk  be  introduced  into 
bottles,  be  then  well  corked,  put  into  a  pan  with  cold  water,  and  gradually 
raised  to  the  boiling  point,  and  after  beinff  allowed  to  cool  be  taken  out 
and  set  away  in  a  cool  place,  the  mifi:  may  be  preserved  perfectly 
sweet  for  upwards  of  half  a-year. 

1  mentioned  also  that  if  the  solution  containing  the  sugar  and  cheesy 
matter  be  again  exposed  to  the  air  after  boiling,  it  will  gradually  resume 
the  property  of  transforming  the  sugar  into  lactic  acid.  Hence,  if  milk 
be  boiled,  it  is  preserved  sweet  for  a  longer  period  of  time,  but  the 
casein  gradually  resi^mes  its  transfortning  property,  and  at  the  end  of  a 
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few  days  turns  it  sour.  If,  however,  the  milk  be  boiled  every  momiog 
or  every  second  morning,  ihe  souring  property  of  the  casein  is  at  every 
boiling  destroyed  again,  and  the  milk  may  thus  be  kept  fresh  for  two 
months  or  more. 

4**.  Another  mode  of  preserving  milk  is  to  evaporate  it  to  dryness  by 
a  gentle  heat,  and  under  constant  stirring.  By  this  means  a  dry  mass  is 
obtained  which  may  be  preserved  for  a  length  of  time,  and  which  when 
dissolved  in  water  is  said  to  possess  all  the  properties  of  the  most  excel- 
lent milk,  it  is  known  in  Imly  by  the  name  of  lalteina.  [II  latte  e  i 
suoi  prodotti,  p«  19.] 

§  8.  Of  the  separation  and  measurement  of  cream,  the  galactometer,  the 
composition  of  cream,  and  the  preparation  of  cream-cheese. 

1°.  Separation  of  cream. — The  fatty  part  of  the  milk  which  exists  in 
the  cream,  and  which  forms  the  butter,  is  merely  mixed  with  and  held  in 
suspension  by  the  water  of  which  the  milk  chiefly  consists.  In  the 
udder  of  the  cow  it  is  in  some  measure  separated  from,  and  floats  on,  ibe 
surface  of  tlie  milk,  the  later  drawn  portions  being  always  the  richest  in 
cream.  Duritig  the  milking,  the  rich  and  poor  portions  are  usually 
mixed  intimately  together  again,  and  thus  the  after-separation  is  render- 
ed slower,  more  difficult,  and  less  complete.  That  this  is  really  so,  is 
proved  by  two  facts— first,  that  if  milk  be  well  shaken  or  stirred,  so 
as  to  mix  its  parts  intimately  togetlier  before  it  is  set  aside,  the  cream 
will  be  considerably  longer  in  rising  to  the  surface— and  second,  that 
more  cream  is  obtained  by  keeping  the  milk  in  separate  portions  as  it  is 
drawn,  and  setting  these  aside  to  throw  up  their  cream  in  separate  ves- 
sels, than  when  the  whole  milking  is  mixed  together.  When  the  collec- 
tion of  cream,  therefore,  is  the  principal  object,  economy  suggests  that 
the  first,  second,  third,  and  last  drawn  portions  of  the  milk  should  he 
kept  apart  from  each  other.  Even  in  large  dairies  this  could  easily  be 
eflected  by  having  tliree  or  four  pails,  in  one  of  which  the  first,  in 
another  the  second  milk,  and  so  on,  might  be  collected. 

Cream  does  not  readily  rise  through  any  considerable  depth  of  milk  ; 

it  is  usual,  therefore,  to  set  it  aside  in  broad  shallow  vessels  in  which  the 

milk  stands  at  a  depth  of  not  more  than  two  or  three  inches.     By  this 

^  means  the  cream  can  be  more  effectually  separated  within  a  given  time. 

But  the  temperature  of  the  surrounding  air  materially  affects  the 
quantity  of  cream  which  milk  will  yield,  or  the  rapidity  with  which  it 
rises  to  the  surface  and  can  be  separated.  Thus  it  is  said  that  from  the 
same  milk  an  equal  quantity  of  cream  may  be  extracted  in  a  much 
shorter  time  during  warm  than  during  cold  weather — that,  for  example, 
milk  may  be  perfectly  creamed  in — 

36  hours,  when  the  temperature  of  the  air  is  50°  F. 
24       •*  "  "  "  65°  F. 

18  to  20  hours   "  *'  "  68°  F. 

10  to  12  "  "  "  77°  F. 

— awhile,  at  a  temperature  of  34**  to  37®  F.,  milk  may  be  kept  for  three 
weeks,  without  throwing  up  any  notable  quantity  of  cream  (SprengelJ. 

The  reason  of  this  is  that  the  fatty  matter  of  the  milk  becomes  partially 
solidified  in  cold  weather,  and  is  thus  unable  to  rise  to  the  surface  of  the 
milk  so  readily  as  it  does  when  in  a  warm  and  T)eTfectly  fluid  state. 
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The  above  remarks*  appl^  lo  milk  of  ordinary  quality  and  consistency. 
In  very  thin  or  poor  milk,  m  which  little  cheesy  matter  is  contained,  the 
cream  will  rise  more  quickly. 

2°.  Mcasureffienl  of  cream^-ihe  gcUactometer,^-The  richneas  of  milk 
is  very  generally  estimated  by  the  bulk  of  cream  which  rises  to  its 
surface  in  a  given  time.  For  the  purpose  of  testing  this  richness,  a 
simple  instrument,  dignified  by  the  learned  name  of  a  e:alaciomeicr 
(milk-gauge),  has  been  recommended  and  may  often  be  useful.  It  con- 
sists ofa  narrow  cylindrical  vessel  or  long  tube  of  glass,  divided  or  gra- 
duated into  100  equal  parts.  This  vessel  is  tilled  up  to  100  with  tiie 
milk  to  be  tested,  and  at  the  end  of  24  or  36  hoiu^  the  quantity  of  cream 
which  has  risen  is  estimated  by  the  number  of  degrees  of  space  which  it 
occupies  at  the  top  of  the  milk.  If  it  cover  3  degrees  the  milk  3'ield$ 
3  per  cent.,  if  7  degrees  7  per  cent,  of  cream.  This  instrument,  how- 
ever, will  give  a  result  which  will  be  generally  less  than  the  truth,  be- 
cause the  cream  will  always  rise  slowly  through  5  or  6  inches  of  milk— 
the  smallest  length  which  the  instrument  can  conveniently  be — ^and  most 
slowly  in  the  richest  and  thickest  milk.  Unless  con^ifderable  care  be 
taksn,  therefore,  thU  milk-gauge  may  easily  lead  to  erroneous  con- 
ductions in  regard  to  the  relative  degrees  of  richness  of  different  samples 
of  milk* 

3^.  Composition  of  cream. — Cream  does  not  consist  wholly  of  fatty 
matter  (butter),  but  the  globules  of  fat  as  they  rise  bring  up  with  them  a 
variable  proportion  of  the  casein  or  curd  of  the  milk,  and  also  some  of  the 
milk  sugar.  It  is  owing  to  the  presence  of  sugar  that  cream  is  capable 
of  becoming  sour,  while  tha  casein  gives  it  the  proi)erty  of  curdling  when 
mixed  with  acid  liquids  or  with  acid  fruits. 

The  proportion  of  cheesy  matter  present  in  cream  depends  upon  the 
richness  of  the  milk  and  upon  the  temperature  at  which  the  milk  is  kept 
during  the  rising  of  the  cream.  In  cool  weather  tlie  fatty  matter  will 
bring  up  with  it  a  larger  quantity  of  tlie  curd,  and  form  a  thicker  cream, 
containing  a  greater  proportion  of  cheesy  matter.  Tlie  composition  of 
cream,  therefore,  is  very  variable— much  more  so  than  that  of  milk— 
and  depends  very  much  upon  the  mode  in  which  it  is  collected. 

A  specimen  of  cream,  examined  by  Berzelius,  which  bad  a  density 
(specific  gravity)  of  1*0244,  consisted  of— 

B utter ,  separated  by  agitation 4*5  per  cent. 

Ckeesy  mitter^  saparated  by  coagulating  the  butter- 
milk   3-5         " 

Whey 92-0 

100 

Some  of  the  butter  remained,  as  is  usually  the  case,  in  ilie  butter- 
milk, and  added  a  little  to  the  weight  of  the  currl  which  was  afterwards 
separated,  but  the  result  of  this  analysis  is  suHRcient  to  show  that  cream 
in  general  contains  a  very  considerable  proportion  of  cheesy  matter- 
sometimes  almost  as  much  cheese  as  b utter.  • 

"  The  clouted  cream  of  Deronthire  and  other  Weatern  countlea,  as  well  an  the  biittor  pre- 
fMroil  from  It,  probably  contains  an  uniMuaily  larKe  unantily  of  cheese.  Iris  prppare.fby 
S[?  .!!^*  ^^•  '^™*  ^^  '"*<»  '»nf®  8h*llow  imu  Into  which  a  lltUe  water  has  previously  been 
8™  Sr  ^^^.''^''•f  ***  ■*•"'*  ^"^  ^  *•»  ^^  ^**"«"*'  "»<1  ihen  carefiiUy  heatim;  them  over  a  alow 
nret  or  on  a  hot  plate,  tUI  Uie  milk  approaches  the  boiUng  poUiL    The  milk,  however.  muaC 
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I  would  remark,  however,  that  this  cream  examined  by  Berzelius 
must  have  been  of  an  exceedingly  poor  quality — ^little  ricner,  indeed, 
.than  common  milk,  since  100  lbs.  of  it  would  only  have  yielded  4^  lbs. 
of  butter^  Cream  of  good  quality  in  this  country,  when  skilfully 
churned,  will  yield  about  one-fourth  of  its  weight  of  butter,  or  one  wine 
galk>u  of  cream,  weighing  8|  lbs,,  will  give  nearly  2  lbs  of  butter.* 

A^.  Cream-cheese. — You  will  now  readily  understand  the  nature  of 
what  is  called  cream-cheese — how  it  ditTers  from  ordinary  cheese  and 
from  butter,  and  why  it  so  soon  becomes  first  sour,  and  then  rancid. 

In  preparing  this  cheese  the  cream  in  this  country  is  generally,  I  be- 
lieve, either  tied  up  in  a  cloth  or  put  into  a  shallow  cheese  vat,  and  al- 
lowed to  curdle  and  drain  witliout  any  addition.  The  cheesy  matter  and 
butter  remain  thus  intimately  intermixed,  and  it  is  more  or  less  rich,  ac- 
cording as  the  proportion  of  butter  to  the  cheesy  matter  in  the  cream  is 
greater  or  less.  This  cheese  becomes  soon  rancid  and  unpleasant  to  the 
taste,  because  the  moist  curd,  after  a  certain  length  of  exposure  to  the 
air,  not  only  decomposes  and  becomes  unpleasant  of  itself,  but  acquires 
the  property  of  changing  the  butter  also  and  of  imparting  to  it  a  dis- 
agreeable taste  and  smell. 

In  Italy,  cream-cheeses,  called  masearpanh  are  made  by  heating  the 
cream  nearly  to  boiling,  and  adding  a  little  sour  whey  as  the  oily  matter 
begins  to  separate.  The  whole  tfiju  coagulates,  and  the  curd  is  taken 
out  and  set  to  drain  in  shapes.  As  tlie  sour  whey  is  apt  to  give  this 
cheese  an  unpleasant  flavour  or  a  yellow  colour,  it  is  said  to  be  oetter  to 
take  20  grains  of  Tartaric  acid  for  each  quart  of  cream,  to  dissolve  it  in 
a  little  water,  and  to  add  this,  instead  of  the  sour  whey,  to  the  hot  cream. 
The  acid  runs  off  in  the  whey  of  the  cream,  and  the  cheese  is  colour- 
less and  free  from  foreign  flavour.  The  mascarjxyni,  like  the  English 
cream -cheeses,  are  covered  with  leaves  or  straw,  are  littled  pressed  or 
handled,  and  must  be  eaten  fresh. 

^9,  Of  the  separation  of  hulUr  by  churning  or  otherwise. 

Milk  is  a  kind  of  natural  emulsion  in  which  the  fatty  matter  exists  in 
the  state  of  very  minute  globules,  suspended  in  a  solution  of  casein  and 
sugar.  Crelam  is  a  similar  emulsion,  differing  from  milk  chiefly  in  con- 
taining a  greater  number  of  oily  globules  and  a  much  smaller  proportion 
of  watec  In  milk  and  cream  these  globules  appear  to  be  surrounded 
with  a  thin  white  shell  or  covering,  probably  of  casein,  by  which  they 
are  prevented  from  running  into  one  another,  and  collecting  into  larger 
oily  drops. 

But  when  cream  is  heated  for  a  length  of  time,  these  globules,  by  their 
lightness,  rise  to  the  surface,  press  nearer  to  each  other,  break  through 

not  aetOAlly  boil,  nor  most  the  akin  of  ihe  cream  l>e  broken.  The  di«hes  are  now  removed 
Into  the  daifT,  and  allowed  to  eooL  In  ■ummer  the  oream  ahoiiltl  be  churned  on  tha  fol< 
lowing  day—lu  winter  it  may  atand  ovor  two  daya.  The  quantity  or  cream  obtained  it  nid 
to  be  ooe-founh  greater  by  thia  meihod,  and  Ihe  milk  which  la  left  ia  proportionablT  poor. 
When  milk  on  which  no  cream  floats  i«  healf>d  nearly  to  l)oiUng  in  the  air,  a  pelUcle  of 
cheeay  matter  forma  on  its  aiirface.  Bach  a  pelUcle  may  form  in  a  leja  dcmree  in  the  aeald" 
diof  proceae  of  Devonahiie,  and  may  thoa  increaae  the  bulk  of  ilie  cream.  The  Cursor' 
phme  eream  of  Mid«Lothian  re^emblea  the  clouted  cream  very  much,  and  ia  made  in  a  very 
ilmilarway. 
*  A  aeriea  of  analyaea  of  cream,  collected  under  different  clrcumilao^ea,  might  throw  soma 
'1  Ufhi  uiioD  the  maoaiacture  and  preaervatioa  of  butter.  --^^  "y  ^^  v^^^^l^^ 
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their  coverings,  and  unite  into  a  film  of  melted  fat.  lu  like  manner, 
when  milk  and  cream  are  strongly  agitated  by  any  met-hanical  means, 
the  temperature  is  found  to  rise,  the  coverings  of  the  globules  are  broken 
or  {separated,  and  the  fatty  matter  unites  into  small  grains,  and  finally 
into  lumps,  which  form  our  ordinary  butter.  This  union  of  the  globules 
appears  to  be  greatly  promoted  by  the  presence  of  a  small  quaniity  of 
acid— 'siuce  in  the  practice  of  churning  it  never  takes  place  uniil  the 
milk  or  cream  has  become  somewhat  sour. 

These  two  facts  afford  an  explanation  of  the  various  metliods  which 
are  in  different  places  adopted  for  the  preparation  of  butter. 

1°.  Byhcatinsi  the  cream, — When  rich  cream  is  heated  nearly  to  boil- 
ing, and  is  kept  for  some  time  at  tliat  temperature,  the  butter  gradually 
rises  and  collects  on  the  surface  in  the  Ibrm  of  a  fluid  oil.  On  cooling,  this 
oil  becomes  solid,  and  may  be  readily  removed  from  the  water  and  curd 
beneath.  The  fatty  matter  of  the  nulk  is  thus  obtained  in  a  purer  fonn 
than  when  butter  is  prepared  in  the  usual  way.  It  may,  therefore,  be 
kept  for  a  longer  period  without  salt  and  without  becoming  rancid,  but  it 
has  neither  the  agreeable  flavour  nor  the  consistence  of  churned  butler, 
and  is,  therefore,  scarcely  known  in  our  climate  as  an  article  of  food.* 

The  same  oily  kind  of  butter  may  also  be  obtained  by  melting  the 
churned  butter  and  pouring  olF  the  transparent  liquid  part  which  floats 
upon  the  top.  This  is  the  only  form  in  which  sweet  butter  is  known  in 
many  parts  of  Russia.  In  warm  weather  it  has  the  consistence  of  a 
thick  oil,  is  used  instead  of  oil  for  many  culinarj'^  purposes,  and  is  de- 
noted, indeed,  by  the  same  Russian  word.  It  may  be  kept  for  a  consi- 
derable time  without  salt. 

2°.  By  churning  the  cream — a.  Sour  cr«am.— Cream  for  tlie  purpose 
of  churnmg  is  usually  allowed  to  become  sour.  It  ought  to  be  at  least 
one  day  old,  but  may  with  advantage  be  kept  several  days  in  cool 
weather — if  it  be  previously  well  freed  from  milk  and  be  frequently 
stirred  to  keep  it  from  curdling. 

This  sour  cream  is  put  into  the  chum  and  worked  in  the  usual  way 
till  the  butter  separates.  This  is  collected  into  lumps,  well  beat  and 
squeezed  free  from  the  milk,  and  in  some  dairies  is  washed  with  pure 
cold  water  as  long  as  the  water  is  rendered  milky.  In  other  localities 
the  butter  is  not  washed,  but,  after  being  well  beat,  is  carefully  freed 
from  the  remaining  milk  by  repeated  squeezings  and  dryings  with  a  clean 
cloth.  Both  methods,  no  doubt,  have  their  advantages.  In  the  same 
circumstances  the  washed  butter  may  be  more  easily  preserved  in  the 
fresh  state,  while  llie  unwashed  butter  will  probably  possess  a  liigher 
flavour. 

6.  Sioecl  cr^am.— If  sweet  cream  be  put  into  the  churn  the  butter  may 
be  obtained,  but  in  most  cases  it  requires  more  labour  and  longer  time, 
without,  in  the  opinion  of  good  judges,  aflbrding  in  general  a  finer 
quality  of  butter.  In  all  cases  the  cream  becomes  sour  during  the  agi- 
tation and  before  the  butter  begins  distinctly  to  form  (see  p.  554.) 

c.  Clouted  cream.— The  churning  of  the  clouted  cream  of  this  and 
other  countries  forms  an  exception  to  the  general  rule  just  stated,  that 
more  time  is  required  in  the  churning  of  sweet  creams.     Clouted  cream 

•  It  i«  mid,  that  when  melted  butter  la  poured  Into  very  cold  water,  it  acqulrea  the  cooria* 
cency  and  appeanoce  of  commoo  buner. 
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may  be  churned  in  the  morning  after  it  is  made,  that  is,  within  24  hours 
of  the  time  when  the  milk  wa«  taken  from  the  cow—and  from  such 
cream  it  is  well  known  that  the  butter  separates  with  very  great  ease.  But 
in  this  cane  the  heating  of  the  cream  has  already  disposed  the  oily  matter 
to  cohere,  an  incipient  runningtogether  of  the  globules  has  probably  taken 
place  before  the  cream  is  removed  from  the  milk,  and  hence  tlie  com- 
parative ease  with  which  the  churning  is  effected.  I  suppose  there  is 
something  peculiar  in  butter  prepared  in  this  way,  as  it  is  known  in 
other  counties  by  the  name  of  Bohemian  butter.  It  is  said  to  be  very 
agreeable  in  flavour,  but  it  must  contain  more  cheesy  matter  than  the 
butter  from  ordinary  cream. 

3°.  Ckurning  the  whole  mi/Ar.— Butter  in  very  many  districts  is  pre- 
pared from  the  whole  milk.  This  is  a  much  more  laborious  method— 
from  the  difficulty  of  keeping  in  motion  such  large  quantities  of  fluid. 
It  has  the  advantage,  however,  it  is  said,  of  giving  a  larger  quantity  of 
butter ;  and  in  the  neighbourhood  of  the  towns  in  Scotland  and  Ireland 
the  ready  sale  obtained  for  the  butter-milk  is  another  Inducement  for  the 
continuance  of  the  practice. 

At  Rennes,  in  Brittany,  the  milk  of  the  previous  evening  is  poured 
into  the  chum  along  with  the  warm  morning's  milk,  and  the  mixture  is 
allowed  to  stand  for  some  hours,  when  the  whole  is  churned.  In  this 
ivay  it  is  said  that  a  larger  quantity  of  butter  is  obtained,  and  of  a  more 
delicate  flavour.    [II  latte  e  i  suoi  prodc/tti,  p.  11*2.1 

In  the  neighbourhood  of  Glasgow,  according  to  Mr.  Ayton,*  the  milk 
is  allowed  to  stand  6,  12,  or  24  hours  in  the  dairy  till  the  whole  has 
cooled,  and  the  cream  has  risen  to  the  surface.  Two  or  three  mil  kings, 
still  sweet,  are  then  poured,  togetlier  with  their  cream,  into  a  large  ves- 
sel, and  are  lefl  undisturbed  till  the  whole  has  become  distinctly  sour, 
and  is  completely  coagulated.  The  proper  sourness  b  indicated  by  the 
formation  of  a  stiff' 6ra^  upon  the  surface  which  h<u  become  uneven  (Bal- 
lantyne).  Great  care  must  be  taken,  however,  to  keep  the  brat  and 
curd  unbroken  until  the  milk  is  about  to  be  churned,  for  if  any  of  the 
whey  be  separated  the  air  gains  admission  to  it  and  to  the  curd,  and 
fermentation  is  induced.  By  this  fermentation  the  equality  of  the  butter 
may  or  may  not  be  affected,  but  that  of  the  butter-milk  is  almost  sure  to 
be  injured. 

In  Holland  the  practice  is  a  little  different.  The  cream  is  not  allow- 
ed to  rise  to  the  surface  at  all,  but  the  milk  is  stirred  two  or  three  times  a 
day,  till  it  gets  sour,  and  so  thick  that  a  wooden  spoon  will  stand  in  it. 
It  is  then  put  into  the  chum,  and  the  working  or  the  separation  of  the 
butter  is  assisted  by  the  addition  of  a  quantity  of  cold  water. 

By  churning  the  sour  milk  in  one  or  other  of  these  ways,  the  butter 
]8  said  to  be  '*  rich,  sound,  and  well-flavoured."  If  it  to  greater  in 
quantity— which  appears  to  be  the  opinion  of  those  who  practise  it  iti 
this  country,  in  Germany,  and  in  Holland — it  is,  according  to  Sprengel, 
because  the  fatty  matter  carries  with  it  from  the  milk  a  larger  quantity  of 
casern  than  it  does  in  most  Cases  from  the  cream  alone  (  ?). 

§  10.  Of  the  composition  of  butter. 
Batter  prepared  by  any  of  the  usual  methods  contains  more  or  less  of 

•  la  bis  iMr]rfibfft«ndry,  a  woricmachpniMd,  and  wUcb  I  ngrit  that  I  hart  iMTert^ 
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all  the  ingredieDts  which  exist  in  milk.  It  consists,  however*  essentially 
of  the  fat  of  milk  intimately  mixed  with  a  more  or  less  considerable 
proportion  of  casein  and  water,  and  with  a  small  quantity  of  sugar  of 
milk.  Fresh  butter  is  said  to  contain  about  one-sixth  of  its  weight  (16 
per  cent.)  of  these  latter  substances,  and  five-sixths  of  pure  fat  (Cbev- 
reul).  How  much  of  the  16  per  cent,  usually  consists  of  cheesy  matter 
has  not  yet  been  determined.* 

It  is  probable,  however,  that  the  proportion  of  cheesy  matter  contained 
in  butter  varies  very  much.  The  thickness  and  richness  of  the  milk— 
the  mode  of  preparing  the  butter,  whether  from  the  w^hole  milk  or  frorai 
the  cream— the  way  in  w^hich  the  cream  is  separated  from  the  milk, 
whether  by  clouting  or  otherwL9e«--and  the  nature  of  the  food  and  pas- 
ture, must  all  affect  in  a  very  considerable  degree  the  relative  pro- 
portions of  the  fatty  and  cheesy  matters  of  which  our  domestic  butter 
consists. 

Besides  the  casein  and  sugar,  butter  also  usually  contains  some  ooknir^ 
ing  substance  derived  from  the  plants  on  which  the  cow  has  fed,  and 
some  aromatic  or  other  similar  ingredients  to  wliich  its  peculiar  flavour 
is  owing,  and  which  are  also  derived  from  the  food  on  wnich  the  ammal 
lives. 

The  fat  of  butter  may  be  readily  separated  from  all  these  substances, 
and  obtained  in  a  nearly  pure  state.  Fresh  newly-cbumed  bnUer  is 
melted  in  a  cylindrical  jar  at  a  temperature  of  140°  to  180°  F.,  the 
fluid  oil  poured  off  into  water  heated  to  the  same  temperature,  and  re- 
peatedly shaken  with  fresh  portions  as  Ions  as  any  thing  soluble  is  taken 
up.  When  lefl  at  rest  in  a  warm  place,  the  melted  fat  rises  to  the  sur- 
face in  the  form  of  a  nearly  colourless  transparent  oil,  which,  on  cooling, 
hardens  into  a  colourless  mass. 

This  pure  fat  may  be  preserved  for  a  much  longer  time  without  be- 
coming rancid  (Thenard).  It  is  the  various  substances  with  which  its 
fatty  matter  is  mixed  that  give  to  common  butter  its  tendency  to  become 
so  speedily  rancid  and  to  acquire  an  unpleasant  taste.  To  the  nume- 
rous precautions  which  have  been  adopted  with  the  view  of  counteract- 
ing this  tendency,  and  of  preserving  the  sweet  taste  of  butter,  I  shall  pre- 
sently direct  your  attention. 

§  11.  Of  the  average  quantity  of  butter  yielded  by  milk  and  cream^  and 
of  the  yearly  produce  of  a  cow* 

I  have  already  made  you  acquainted  with  some  of  those  numerous 
circumstances  by  which  the  quality  of  milk  is  affected.  These  same 
circumstances  will  necessarily  more  or  less  affect  the  quantity  of  butter 
.ISO,  which  a  given  weight  or  measure  of  milk  can  be  made  to  yield. 

Thus  in  the  King  WUliam*s  town  dairy  (County  Kerry),  the  average 
quantity  of  milk  and  butter  yielded  by  the  Kerry  and  Ayrahire  breeds 
respectively  was,  in  a  whole  year— 

Ayrshire  cow,  1328  quarts,  of  which  9^  to  9^  quarts  gave  1  lb.  of  but- 
ter. 

*  Blnee  the  abore  was  written,  two  MunplM  of  fredi  butter,  iltom  ertam,  examined  In  mv 
laboraio<7,  have  yielded  onlj  0*6  and  07  per  cent  ronuectivel/  of  cheesy  matter.  This  U 
oeitj^nlj  a  much  smaller  ouantitj  than  I  had  expeoced.  Does  butter  from  Che  ukok  mOk 
contain  more  \   A  series  of  suoh  eamintlkms  would  prove  not  anlnterssdai. 

uigmzeu  uy  ^-Jvy^z-Xi^^ 
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Kerry  cow,  1264  quarts,  of  which  from  8  quarts  to  8}  gave  1  lb.  of 
butter. 

Showing,  as  I  have  before  stated,  (p.  536),  that  the  small  Kerry  cow, 
upon  the  same  pasture,  will  give  a  richer  milk  even  than  the  Ayrshire. 

In  Holstein  and  Lunenburg  again,  it  is  considered,  on  an  average, 
that  15  quarts  of  milk  will  yield  1  lb.  of  butler.  The  milk  in  that 
country,  therefore,  must  be  very  much  poorer  in  butter.  [Journal  of  the 
Royal  Agricultural  Society,  I.  p.  386.] 

The  result  of  numerous  trials,  however,  made  upon  the  milk  and 
cream  of  cows  considered  as  good  butter-givers,  in  this  country,  has 
establislied  the  following  average  relation  between  milk,  cream,  and  but- 
ler : — 

Milk.  Cream.  Butter. 

18  to  21  lbs.  I  .  , ,  S  4  lbs.    ?  ,  ,, 

Qtollqts.^  y>^^J  i2qls.M  ""' ^  ^^' 

The  cow,  therefore,  that  yields  3000  quarts  of  milk  should  produce, 
where  butter  is  the  principal  object  of  the  farmer,  about  300  lbs.  of  but- 
ter, or  1  lb.  a  day  for  300  days  in  the  year. 

This  is  not  a  large  daily  produce,  smce  some  cows  have  been  known 
to  give  for  a  limited  time  as  much  as  two  or  even  three  pounds  of  butter 
in  a  single  day.  It  is  a  large  quantity  however,  taken  as  the  average  of 
a  lengthened  period  of  time,  and  hence  such  cases  as  that  of  Mr.  Cramp's 
cow,  which  for  four  years  continuously  yielded  nearly  a  pound  and  a 
half  of  butterf  every  day,  are  naturally  quoted  as  extraordinary. 

In  most  districts  the  average  of  the  whole  year  is  much  less  than  a 
pound  a  day,  even  for  ten  months  only.  In  Devon,  for  the  first  twenty 
weeks  after  calvins,  a  good  cow  will  yield  12  (juarts  of  milk  a  day,  from 
which,  by  the  methcxl  of  scalding,  a  pound  and  a  quarter  of  butter  can  be 
extracted. 

In  South  Holland,  [Loudon's  Encyclopaedia,]  a  good  cow  will  pro- 
duce during  tlie  summer  months  about  76  lbs.  of  butter.  In  the  high 
pastures  of  Scaria  in  Switzerland,  a  cow  will  yield  during  the  ninety 
days  of  summer  about  40  lbs.  of  butter,  or  less  than  half  a  pound  a  day. 
In  Holstein  and  Lunenburg  it  is  considered  a  fair  return  if  a  cow  yields 
100  -lbs.  of  butter,  and  even  in  England,  [British  Husbandry,  II.,  p. 
404,]  160  to  180  lbs.  is  reckoned  a  fair  annual  produce  for  a  cow,  or  from 
8  to  9  ounces  a  day  for  ten  months  in  the  year. 

§  12.  Of  the  circumstances  which  affect  the  quality  of  butter. 
It  is  known  that  the  butter  produced  in  one  district  of  the  country,  dif- 
fers often  in  quality  from  that  produced  in  another,  even  though  the  same 
method  of  manufacture  be  adopted.  In  difTereut  seasons  also  the  same 
farm  will  produce  difTereut  qualities  of  butter— thus  it  is  said  that  cows 
which  are  pastured  yield  the  most  pleasant  butter  in  May,  when  the  first 
green  fodder  comes  in—that  the  finest  flavoured  is  given  by  cows  fed  upon 
spurrey  (Sprengel)-»that  it  is  generally  the  hardest  when  the  animal 
lives  upon  dry  food— and  that  autunm  butter  is  best  for  long  keeping. 

*  The  qoarts  spoken  of  in  thi«  lecture  are  old  toine  qoarts,  or  which  5  make  an  imperial 
caJIon.  A  wine  gaUon  of  milk  or  cream  weiiihe  abooi  8  lb».  4  os.,  an  imperiiil  rallon  about 
10  Ibe.  6  OS.    Aboai  two  imperial  galiooa,  therefore,  shoaid  jield  a  pound  of  butter. 

t  It  gave  in  four  yeara  2132  Iba.  of  batter  from  33,669  quaxta  of  milk,  or  16  qoarU  a  day,  of 
ivbich  11  quarts  gave  a  pooud  of  butter. 
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These  dHTerences  may' all  be  ascribed  to  varieties  or  natural  difierences 
in  the  pasture  or  fmlder  upon  which  the  cow  is  fed.*  Tlie  constitution  of 
the  animal  also  is  known  to  affect  the  quality  of  the  butter — since  there 
are  some  animals  wliich  with  tlie  best  food  will  never  give  first-rate  but- 
ter. 

In  all  8U2h  cases  as  these,  however,  the  quality  of  the  butter  is  almost 
entirely  dependent  upon  that  of  the  milk  from  which  it  is  made,  so  that 
whatever  affects  the  (juality  of  the  milk  must  influence  also  that  of  the 
butter  prepared  from  it.  I3ut  as  I  have  already  considered  the  circum- 
stances by  which  the  quality  of  the  milk  is  principally  modified  (p. 
534),  I  shall  not  further  advert  to  this  subject  at  presenL 

But  from  the  same  milk,  and  even  from  the  same  cream,  by  different 
modes  of  procedure,  very  different  qualities  of  butter  may  be  obtained. 
The  mode  of  making  or  extracting  butter,  therefore,  is  highly  wortljy  of 
your  attention.  Let  us  consider  a  few  of  the  more  important  circum- 
stances under  which  different  qualities  of  butter  may  be  extracted  from 
the  same  quality  of  milk  or  cream. 

1°.  First  and  second  drawn  milk. — If  the  milk  be  collected  in  two  or 
three  successive  portions,  as  it  comes  from  the  cow,  we  have  already 
seen  (p.  536),  that  the  last  drawn  portion  v^-ill  be  much  richer  than  that 
which  has  been  taken  first.  The  cream  yielded  by  it  will  also  be  richer, 
and  of  a  finer  and  higher  flavour.  Whetlier,  therefore,  the  butter  be  ex- 
tracteil  directly  from  the  whole  milk,  or  from  the  cream,  the  butter  ob- 
tained from  tho  three  successive  portions  will  differ  in  quality  almost  as 
much  as  the  several  portions  of  milk  themselves. 

A  practical  application  of  this  fact  is  made  in  some  of  the  Highland 
counties  of  Scotland,  and  in  other  districts,  where  the  calves  are  allowed 
to  suck,  or  are  fed  with,  the  first  half  of  the  milk  as  it  comes  from  the 
cow— the  latter  and  richest  half  only  being  reserved  for  dairy  purposes. 
This  second  milk  is  found  to  affJ)rd  an  exquisite  butter. 

2^.  First  and  second  cream.^^ln  like  manner  the  first  cream  that  rises 
upon  any  milk  is  always  the  richest,  and  gives  the  finest  flavoured  but- 
ter. The  afler-creamings  are  not  only  poorer  in  butter,  but  yield  it  of  a 
whiter  colour  and  of  inferior  quality. 

This  fact  again  is  well  understood,  and  has  been  long  practically  ap- 
plied in  the  neighbourhood  of  Epping,  which  is  celebrated  for  the  excel- 
lence of  its  butter.  The  cream  of  the  first  24  hours  is  set  aside  and 
churned  by  itself.  The  second  and  third  creams  produce  a  pale,  less 
pleasant  butter,  which  always  sells  for  an  inferior  price.  Any  admix- 
ture of  the  after-creamings  causes  a  corresponding  diminution  in  the  value 
of  the  butter  produced.  To  produce  the  most  exquisite  butter  tlie  cream 
of  the  first  eight  hours  only  ought  to  be  taken. 

3®.  Mode  of  creaming, — The  rapidity  with  wliich  cream  rises  to  the 
surface,  either  naturally  or  when  influenced  by  art,  affects  the  Quality  of 
the  cream,  and  consequently  that  of  the  butter  made  from  it.  In  warm 
weather  it  rises  more  quickly  than  iu  cold,  and  more  quickly  still  when 
the  milk  is  heated,  as  in  the  preparation  of  clouted  cream.     The  butter 

'  The  inflaence  of  the  food  given  in  the  stall  and  of  the  plants  eaten  in  the  paature,  upon 
the  colour  and  flavour  of  the  butler,  ia  familiar  to  all  practical  men.  The  rumipy  taale  of 
the  tniiter  in  winter— the  garlic  taste  in  summer,  where  (he  wild  onion  grows  in  the  pastures 
-wd  the  alleged  effect  of  raw  potatoes  in  winter,  Ingiringa  rich  colour  to  the  buttsr,  srs 
•oounoo  examples  of  this  kind.  i      •    -•  t 
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(Bohemian  biitter)  obtaioed  from  such  cream^-from  cream  thus  rapidly 
brougbt  to  the  surface — may  be  expected  todifier  both  in  flavour,  in  con- 
sitftency,  and  in  composition,  from  that  yielded  by  the  cream  of  the  same 
milk  when  allowed  to  rise  in  the  usual  manner. 

4°.  Sourness  of  the  cream. — For  the  production  of  the  best  butter  it  is 
necessary  that  the  cream  should  be  sufficiendy  sour  before  it  is  put  into 
the  churn.  Butter  made  from  sweet  cream  (not  clouted),  is  neither  good 
in  quality  nor  large  in  quantity,  and  longer  time  is  reqmred  in  churning. 
It  is  an  unprofitable  method  (Ballantyne). 

6®.  Quickness  in  diuming, — The  more  quickly  milk  or  cream  is 
churned,  the  paler,  the  softer,  and  the  less  rich  the  butter.  Cream,  ac- 
cording to  Mr.  Ayton,  may  be  safely  churned  in  an  hour  and  a  half, 
while  milk  ought  to  obtain  from  two  to  three  hours.  The  churning 
ought  also  to  be  regular,  slower  in  warm  weather  that  the  butter  may 
not  be  soft  and  white,  and  quicker  in  winter  that  the  proper  temperature 
may  be  kept  np. 

Mr.  Blacker  has  lately  introduced  into  this  country  a  barrel-chura  in- 
vented by  a  Mr.  Valcourt,  which,  being  placed  in  a  trough  of  water  of 
the  proper  temperature,  readily  imparts  the  degree  of  heat  required  by 
the  milk  or  cream  without  the  necessity  of  adding  warm  water  to  the 
milk,  and  churns  the  whole  in  ten  or  twelve  minutes^  It  is  said  also  to 
give  a  larger  weight  of  butter  from  the  same  quantity  of  milk.  If  the 
quality  be  really  as  good  by  this  quick  churning,  the  alleged  inferiority 
in  the  quality  of  butter  churned  quickly  in  the  common  chum  can  not 
be  doe  to  the  mere  rapidity  of  churning  alone. 

6°.  Over-churning. — When  the  process  of  churning  is  continued  after 
the  full  separation  of  the  butter,  it  loses  its  fine  yellowish,  waxy  ap- 
pearance, and  becomes  soft  and  light  coloured.  The  weight  of  the  butter, 
however,  is  said  to  be  considerably  increased  ;  and  hence  that  in  Lan- 
cashire over-churning  is  frequenlty  practised  in  the  manufacture  of  fresh 
butter  for  immediate  sale  (Dr.  Traill.) 

7®.  Temperature  of  the  milk  or  cream. — Much  also  depends  upon  tho^ 
temperature  of  the  milk  or  cream  when  the  churning  is  commenced. 
Cream  when  put  into  the  chum  should  never  be  warmer  than  53®  to  56° 
F.  It  rises  during  the  churning  from  4°  to  10®  F.  above  its  original 
temperature.  When  the  whole  milk  is  churned,  tne  temperature  should 
be  raised  to  65®  F.,  which  is  best  done  by  pouring  hi  hot  water  into  the 
churn  lohile  the  milk  is  kept  in  motion.* 

The  importance  of  attending  to  the  temperature  and  to  the  quickness 
of  churning,  when  the  best  quality  of  butter  is  required,  is  shown  by  the 
two  following  series  of  results  obtained  in  the  churning  of  cream  at  dif- 
ferent temperatures  and  with  diflferent  degrees  of  rapidity. 

The  first  series  was  obtained  in  the  Au^st  and  September  of  1823,  by 
Dr.  Barclay  and  Mr.  Allan.  The  ^uanuty  of  cream  churaed  in  each 
experiment  was  15  wine  gallons,  weighing  from  8  lbs.  to  8J  lbs.  per  gal- 
lon. 

*  Ballantyno,  Trtmaaetumanf  iU  liighUmd  Society^  New  Serlea,  I.,  p.  21  Some  object  to 
tbia  method  of  adding  hot  water,  saying  that  U  renders  the  butter  pale  and  leaa  Taluable  In  the 
market  This  is  by  no  means  uniTerrally  the  case,  and  the  keeping  the  mtlk  in  motlqp, 
while  the  water  is  added,  may  possibly,  in  some  cases,  make  the  difference.  In  other  CMtS. 
may  be  owing  to  aaioral  differencoa  in  the  quality  of  the  mUks  opent«d  upon. 
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Teapentun.  Qmality  of 

, ^  Time  in       Butter 

No.    Begin-  „.  Churning,  per  gallon.                      Uuality  of  the  Butter. 

Ding.  *"**•  Hours.       lb.    or. 

1      50°  60°  4          1     15i  Very  best,  rich,  firm,  well  tasted. 

9      d5°  65°  3i        1     151  Not  sensibly  superior  to  the  fonner. 

3  58°  67°  3          1     14  Good,  but  soOer. 

4  60°  68°  3          1     121  Soa  and  spongy. 

5  66°  75°  3i        1     lOi  Inferior  in  every  respect 

The  results  of  these  experiments  prescribe  the  temperature  of  50  to  S5° 
F.  for  the  cream  when  put  into  the  chum,  and  from  3^  to  4  hours  as  the 
most  eligible  for  producing  butter,  both  in  tlie  largest  quantity  and  of  the 
finest  quality.  Something,  however,  appears  to  depend  upon  the  quality 
of  the  cream ;  since  the  indications  of  tJie  next  series  of  experiment  dif- 
fer considerably  from  the  above,  in  so  far  at  least  as  regards  the  length 
of  time  expenaed  in  churning. 

The  following  experiments  were  made  in  Edinburgh,  by  Mr.  Ballan  • 
tyne,  between  June  and  August,  1825.  The  quantity  of  cream  he  used 
at  each  churning  was  8  wine  gallons— -weighing  8  lbs.  to  tlie  gallon,  ex- 
tcept  hat  of  the  fourth  experiment,  which  weighed  4  ounces  less. 

Temperature.   Time  in  Quantity  of 
Churn-        Butter 


No.  Oflhe  Whenbutr     ing.        per  gallon.  Qualitj  of  the  batter. 

cream,  tercame.    Houra.       lbs.  oz. 
1    56°F.    60°F.        1 1  2    1      Inferior;  white  and  softer  than  No.  2. 

3    52°        56°  2  2    0)    The  flavour  and  quality  of  these  two 

3  52°        56  2  2    0)       butters  could  not  be  surpassed. 

4  65°        67°  i  1  15      Soa,  white,  and  milky. 

5  50°        63|°  3  1  15i    Good — evidently  injured  by  long  churn- 

ing. 

6  S3|°      571°  li         2    0|    Most  excellent.    High  in  flavour  and 

colour,  and  solid  as  wax. 

To  obtain  butter  from  cream,  therefore,  both  finest  in  quality  and 
p  largest  in  quantity,  these  two  series  of  experiments  prescribe  the  follow- 
ing temperatures  of  tlie  cream,  and  times  in  the  churning  — 
Temperature.  Time. 

First     .     .     .     50°  to  55°  3|  to  4  hours 

Second      .     .     53^°  IJ  to  IJ     " 

In  the  temperature  both  agree.  It  is  probable  that  the  nature  of  the 
cream  obtained  at  different  seasons  or  in  different  localities  may  render 
a  longer  time  necessary  in  the  churning  on  some  occasions  or  m  some 
places  than  in  othere.  It  is  certain  that  the  sourer  the  cream,  the  sooner 
generally  will  the  butter  come.* 

8°.  Churning  the  entire  milk. — It  is  in  connection  with  the  tempera- 
ture at  which  milk  and  cream  may  respectively  be  best  and  mot»t  eco- 
nomically churned,  that  the  chances  of  obtaining  a  butter  of  good  quali^ 
at  every  season  of  the  year  appear  to  be  greater  when  the  whole  milk  is 
used,  than  when  the  cream  only  is  put  into  the  chum. 

Cream,  when  the  churning  commences,  should  not  be  warmer  than 
66°  F. — milk  ought  to  be  raised  to  65°  F.  In  winter,  either  of  these  tem- 
peratures may  be  eaaily  attained.     In  cold  weather  it  is  often  necessary 

m^^'itr^^  ??^?«  ^'^•"  **»•  **"*'*'  *■  '°nff  to  coming,  the  addition  of  a  Utfle  viaeear,  branny, 
wwUake7,wiUha8laiitbe  chuniiog.      '  •'  ^^  i  /• 
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to  add  hot  water  to  the  cream  to  raise  it  erea  to  56^.  Bat  in  taniiner« 
and  papecially  in  hot  weather,  it  is  difficult,  even  in  cool  and  well  or- 
dered dairies,  to  keep  the  cream  down  to  this  comparatively  low  temper- 
ature. Hence  if  the  cream  be  then  churned,  a  second  rate  butter,  at  best* 
is  all  that  can  be  obtained. 

Milk,  on  the  other  hand,  requires  a  temperature  of  65^— ^n  degrees 
liigher  than  cream— and  therefore  neither  summer  nor  winter  weather 
materially  afiects  the  ease  of  churning  it.  In  winter,  its  temperature  is 
raised  by  hot  water,  as  that  of  cream  is,  and  even  in  summer  there  can 
be  few  days  in  our  climate— where  ^e  milk  is  kept  in  a  well  contrived 
dairy-— in  which  it  will  not  be  necessary  to  add  more  or  less  hot  water  in 
order  to  raise  the  milk  to  65^  F.  Thus,  where  the  entire  milk  is  churned, 
the  same  regular  method  or  system  of  churning  can  be  carried  on  through- 
out the  whole  year.  No  difficulty  is  to  be  apprehended  from  the  state 
of  the  weather,  nor,  so  long  as  the  quality  of  the  milk  remains  the  same, 
is  there  reason  to  apprehend  any  change  in  the  quality  of  the  butter. 
The  winter  butter  and  the  summer  butter  may  be  alike  firm,  finely  fla 
voured,  and  rich  in  colour. 

The  alleged  advantages  of  churning  the  entire  milk  rather  than  the 
cream  may  be  thus  stated  :«- 

a.  The  proper  temperature  can  be  readily  obtained  both  in  winter  and 
in  summer. 

6.  A  hundred  gallons  of  entire  milk  will  give  in  summer  five  per  cent, 
more  butter  than  the  cream  from  the  same  quantity  of  milk  will  give 
(Ballantyne). 

c.  Butter  of  the  best  quality  can  be  obtained  without  difficulty  both 
in  winter  and  in  summer. 

d.  No  special  attention  to  circumstances  or  change  of  method  is  at 
any  time  required.  The  churning  in  winter  and  summer  is  alike  simple 
and  easy. 

e.  The  butter  is  not  only  of  the  best  quality  while  fresh,  but  is  also 
best  for  long  keeping,  when  properly  cured  or  salted  (Ballantyne^. 

To  these  advantages  it  is  set  off,  that  except  in  the  neighbourhood  of 
large  towns,  the  butter-milk  is  of  little  value — while  from  the  skimmed- 
milk,  a  marketable  cheese  can  always  be  manufactured.  But  this  ought 
to  be  no  objection,  where  churning  the  whole  milk  would  otherwise  be 

E referred,  since  it  is  little  more  difficult  to  make  cheese  frona  the  sour 
utter-milk  than  from  the  sweet  skimmed-milk.     To  this  point  X  shall 
direct  your  attention  hereafter. 

9®.  CUanlinesa, — It  seems  almost  unnecessary  for  me  to  allude  to 
cleanliness  as  peculiarly  necessary  to  the  manufacture  of  good  butter. 
But  I  do  so  to  bring  under  your  notice  the  fact,  that  cream  is  remarkable 
for  the  rapidity  wim  which  it  absorbs  and  becomes  tainted  by  any  un- 
pleasant odours.  It  is  very  nCbessary  that  the  air  of  the  dairy  should  be 
sweet,  that  it  should  be  often  renewed,  and  that  it  should  be  open  in  no 
direction  from  which  bad  odours  can  come. 

§  13.  Of  the  fatty  auhslances  oftshich  butter  consUu,  and  of  the  acid  of 
butter  {bulyric  aeid,)  and  the  capric  and  capraic  acids. 
1®.  Butter-fat. — ^I  have  already  mentioned  to  you  that  if  the  butter  as 
it  is  taken  from  the  chnm  be  iDelted  in  watef  ol'  a  temperature  not  oe- 
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ceeding  180°  F.,  and  be  then  washed  with  repealed  portions  of  warm 
water,  a  nearly  colourless  fluid  oil  is  obtained,  which,  if  not  transpar- 
ent, becomes  so  when  filtered  through  paper,  and  when  cool  congeals  into 
a  more  or  less  pure  white  solid  fat.  If  this  fat  be  pnt  into  a  linen  cloth 
and  be  submitted  to  a  strong  pressure  in  a  hydraulic  or  other  press  at  the 
temperature  of  60**  F.,  a  slightly  yellow,  transparent  oil  will  flow  out, 
and  a  solid  white  fat  will  remain  behind  in  the  linen  cloth.  The  solid 
fat  is  known  to  chemists  by  the  name  of  margarine.  The  liquid  oil  is 
peculiar  to  butter,  at  least  it  has  not  hitherto  been  found  in  any  other  sub- 
stance ;  it  is  therefore  called  the  oUine  of  butter,  or  simply  buUer-oil. 

The  pure  fat  of  butter  consists  almost  entirely  of  tliese  two  substances, 
there  being  generally  present  in  it  only  a  small  quantity  of  certain  fauy 
acids,  which  I  shall  presently  introduce  to  your  notice.  Thus  a  speci- 
men of  butter  made  in  the  month  of  May  gave  a  fat  which  was  found 
by  Bromcis  to  consist  of  about — 

Margarine 68  per  cent. 

Butter  oil 30        •• 

Butyric,  caproic,  and  capric  acids    ....       2        ** 

lOO* 
But  the  proportion  of  the  solid  and  fluid  fats  in  butter  varies  very  much. 
It  is  familiar  in  every  dairy  that  the  butter  is  harder  and  firmer  at 
one  time  and  with  one  mode  of  churning  than  with  another, — and  this 
greater  firmness  depends  mainly  upon  the  presence  of  the  solid  fat  {mar- 
garine) in  larger  proportion.  Acrording  to  Braconnot,  summer  butter 
contains  much  more  of  the  butter- oil  than  winter  butler  does ;  and  he 
states  their  relative  proportions  in  these  two  seasons,  in  the  butter  of  the 
Vosges,  which  he  examined,  to  be  as  follows  :— 

Summer.  Winrer. 

Margarine 40  65 

Butter  oil 60  35 

100  100 

Of  course  these  proportions  are  not  to  be  considered  as  constant.  In- 
deed, the  proportion  of  oil  here  given  for  summer  butter  is  much  greater 
than  in  the  butter  examined  by  Bromeis.  It  is  probable,  therefore,  that 
the  relative  proportions  of  the  two  fats  are  affected  by  climate,  by  sea- 
son, by  the  race,  the  food,  and  the  constitution  of  the  animal;  by  the  way 
in  which  the  butter  is  made,  by  the  manner  in  which  it  is  kept,  and  by 
other  circiunstances  not  hitherto  investirrated. 

2**.  Margarine. — This  solid  fat,  which  exists  so  largely  in  butter,  is 
also  the  solid  ingredient  in  olive  oil,  and  in  goose  and  human  fat.  But- 
ter, therefore,  appears  to  be  a  most  natural  food  for  the  human  race,  since 
it  contains  so  large  a  proportion  of  one  of  those  substances  which  enter 
directly  into  the  constitution  of  tlie  liuman  frame. 

Margarine  is  white,  hard,  and  brittle,  and  melts  at  118°  F.  In  the 
pure  state  it  may  be  kept  for  a  lengtli  of  time  without  undergoing  any 
sensible  change,  but  in  the  stale  of  mixture  in  which  it  exists  in  milk  and 
butter  it  is  apt  to  absorb  oxygen  from  the  atmosphere,  and  to  be  partially 

*  ilMMi:  der  Ckun.  umd  Phar.<,  xHi.,  p.  70. 
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changed  into  butter  oil,  and  into  one  or  other  of  thoee  fatty  acids  which 
are  present  in  butter  in  smaller  quantity. 

3^.  Margaric  acid. — When  this  fat  (Margarine)  is  introduced  into  a 
hot  solution  of  caustic  potash,  it  readily  dissolves  and  forms  a  soap.  If 
the  solution  of  this  soap  in  water  be  decomposed  by  the  addition  of  diluted 
Bulphuric  acid  a  white  fatty  substance  separates,  which,  after  being  col- 
lected, dried,  and  dissohrecl  in  liot  alcohol,  crystallizes  as  the  solution 
cools,  in  the  form  of  pearly  scales.  This  substance  is  known  by  the 
name  of  the  margaric  (or  pearly)  acid.  Margarine  consists  of  this  acid 
in  combination  with  a  sweet  substauce  known  by  the  name  of  glycerine, 
or  oil  sugar.* 

Margaric  acid  is  represented  by  the  formula  34  C  -(-  34  H  +  4  O,  or 
C34  H34  O4.  To  this  formula  it  will  be  necessary  in  a  few  minutes  to 
revert. 

Butter  oil. — ^The  liquid  fat  expressed  from  butter  has  the  appearance 
of  an  oil,  sometimes  colourless,  but  often  tinged  of  a  yellow  colour.  It 
has  the  taste  and  smell  of  butter — mixes  readily  with  alcohol,  and  be- 
comes solid  when  cooled  down  to  32°  F. — ^the  freezing  point  of  water- 
It  dissolves  without  difficulty  in  a  solution  of  caustic  potash,  and  forms 
a  soap. 

Acid  of  butter-oil — oleic  acid  of  butter. — When  the  solution  of  the  oil 
in  caustic  potash  is  diluted  with  much  water,  and  decomposed  by  the  ad- 
dition of  diluted  sulphuric  acid,  an  oily  substance  is  separated,  which  is 
different  from  the  original  oil  of  butter,  possesses  acid  properties,  and  is 
known  by  the  name  of  the  oleic  acid  of  butter.  This  fatty  acid  has 
never  hitherto  been  obtained  from  any  other  substance  than  the  oil  of 
butter,  and  the  oil  consists  of  the  acid  in  combination  with  oil-sugar. 
You  will  recollect  that  margarine  consists  of  margaric  acid  in  combination 
with  the  same  sugar  (p.  558.) 

*  Bneh  Is  the  t^tjpareni  eonpotitioo  of  the  two  fatty  MibctiocM,  mavsulne  and  botter-oll, 
iuflmocli  M  when  ibev  are  disaolTed  in  a  solution  of  caualio  potaab,  and  thair  aoittlioaa 
afterwards  decomposed  by  an  acid,  they  are  reaolved  reapectiveiy— 
Margarine — ^into  margaric  acid  and  oll-mgar ; 
JBtUfer.<}tf— into  batier  oleic  acid  and  oil-sncar. 

But,  for  the  benefit  of  my  cbemlcal  readeni  (my  other  readers  will  pleaae  to  paaa  over 
this  note),  it  Is  necessary  to  state— 

io.  That  a  compound  ia  aappoaed  lo  eztaL  eoosialtng  of  S  stoma  of  carbon  onttad  to  2  of 
hydrogen— CaH:(,  to  which  the  name  of  lijoiyie  is  giren.  , ,     ^ 

2°.  That  this  radical  Cs  Il2  wiUes  with  an  atom  of  oxygen,  forming  Cs  H2  O,  or  osufe  qf 


Tliat  In  neotrai  fitfty  bodies,  soeh  as  margarlm^  this  oilds  ezMs  In  oomblnstloa 
with  a  fatty  add.    Thus,  for  example,  cha»—  _    _ 

ar«.*««-^^«.i--  «fM  ofroargaric  acid =  Cs«  Hm  0« 

Mcrgann^  conaiate  of  Jj  ^^  ^^j»  ^f  ^p^j^ =Ci  Ha  O 

Forming,  together,  lofmaigarine sCWHasOJ 

And  jw,««.«flftf  SI  of  o«<teacldof  bolter =C»lH8iO« 

*^'«^-^°^h  of  oxideof  Hpylo =C8  H«  O 

Poniinit,logslb«r,]ofbatter.oll zsCtiBnOt 

4^.  And  that  when  this  oxMe  of  Ilpyle  is  separated  from  Ha  oombination  with  the  fittly 
acids  it  unites  with  a  quantity  of  wster,  and  forms  glycerine  or  oH-sufar.    Thus— 

2  ofoxideofUpyle =Oe  H4  0«  united  to 

3  of  water =        Hs  Os  give 

1  of  glycerine  (oil-sngar)  ..-....=  Ce  H7  O5 
50.  The  aboTe  is  the  view  of  BenEeilns,  bat  Redteobacher  has  recently  suggested,  [  Annal. 
der  Chem.  ood  Phar.,  XLVIL,  p.  141,}  Uiat  a  known  substance  caUed  aerotem  exists  Jn  IIm 


uigmzeu  oy  ^ 
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MO  CBAR^  or  iiASJGJLMMtm  ntro  ounc  acid. 

When  pure,  this  oily  add  is  oolourleis  and  trauapaicnt,  and  it  f«-> 
markable  for  the  rapidiy  icith  whkh  it  absorb*  oxygen  from  the  oimoit- 
phert^  and  beoonnes  coovt  rtad  into  new  chemical  compoundB.    It  is  re- 
preseuted  by  the  fonnula  34C  +  3lH  +  bO,  or  Cji  H31  0& 
Let  us  compare  this  fonnula  with  that  of  the  niarsaric  acid : 

Margaric  acid =  C31  H34  O4 

Butter  oleic  acid      ....=:  Cm  Hti  O5 


Difference +H8— Oi 

or,  if  3  of  hydrogen  be  taken  from  the  margaric  acid  and  1  of  OKygen 
added  to  it,  it  will  be  converted  into  the  oleic  acid. 

Now  this  may  be  ejected  by  simply  supposing  one  atom  of  margaric 
acid  10  absorb  four  atoms  of  oxygen  from  tne  atmoepheic.     Thn*— 
1  of  margaric  acid  =  C34  Hji  O4 
4  of  oxygen     .     .  =s  Oi 

■  1  of  oleic  acid     4-    3  of  w^sr. 

C34  H34  08  ,    or  C34  H31  C%    +      3HO. 

So  that  either  in  the  body  of  the  animal,  in  the  milk  while  it  remains 
in  the  udder,  or  when  It  is  exposed  to  the  air  af\er  being  drawn  from  the 
cow,  or  even  in  the  churn  itself,  it  may  happen  that  a  portion  of  the 
margaric  acid  may  absorb  oxygen  and  become  changed  into  the  oleic 
acid.  It  may  also  be  that  this  change,  this  absorption  of  oxygen,  is  pro- 
moted by  warm  and  retarded  bv  cold  weather,  and  that  thus  the  butter 
is  rendered  generally  softer  in  the  summer  and  harder  in  the  winter  sea- 
son. B  ut  these  are  as  yet  only  conjectures ;  for,  after  all,  the  relative  pro- 
portions of  the  soft  and  hard  fat  in  butter  at  different  times  of  the  year 
may  depend  upon  natural  differences  in  the  herbage  at  the  several 
seasons,  or  upon  some  other  causes  which  have  not  as  yet  been  in- 
vestigated. 

5^.  BtUyric^  capricy  and  caproic  adds. — These  substances,  as  I  have 
already  stated  to  yoo,  exist  in  butter  only  in  small  quantity— to  the 
amount  of  2  or  3  per  cent.  To  these  acids,  and  especially  to  the  capric 
and  caproic,  butter  owes  its  disagreeable  smell  when  it  b^mes  rancid. 
They  do  not  exist,  naturally,  to  any  unpleasant  extent  in  perfectly  fresh 
butter^-they  arc  gradually  formed  in  it,  liawever,  when  fresh  butter 
b  exposed  to  the  air.  I  do  not  enter  into  any  detail  of  their  proper- 
ties, or  of  the  mode  of  extracting  them  from  butter,  because  these  points 

ftis  to  eomMMtlon  with  tlM  fattf  Mid.  Tlila  aerolrtii  is  repv«Motod  by  Of  H4  Oi,  which 
!•  exactly  the  conttituUon  of  2  of  lipyle.  Bo  that  according  to  this  view  the  solid  bt  of  bQl> 
ter  would  oooslst  of— 

2  of  m^irraflc  acid    .    .    .    .    ^  oa  His  OS 
1  of  acrolein =  C6   II4  Ch 

3  of  marKarIc  acid    .    .    .    .    =  C4  II79  Oio  « 
and,  hf  a  like  sobstitotioo  oi*  acrolein  for  oxide  of  Upyie,  nay  the  coosUtutioa  of  bollsroa 
be  represented. 

The  principal  Icnown  fact  in  favnnr  of  this  view  of  Redtenbacherls,that  when  glyeeitee  is 
distliivd  with  anhydmiM  phosphoric  acid,  acrolein  is  piwiuoed.  He  supposes  that  lbs  add 
lakes  the  elemento  of3  atoms  of  wator  finom  fly eerloe,  fnrminc  arrolela :  siDee  if  firom— 

I  of  flyeerine =r  0<  H?  Os  we  take 

8  of  water =        H»  Ov 

Acrolein  remains =  Ci  H4  Oi 

Tlie  conTerrion  of  acrolein  Into  slyc^rine,  when  it  iswfMfated  from  the  fatty  acids,  is  8im> 
iMMd  to  proceed,  as  in  the  case  oTHpyK  from  its  combination  with  ilie  water  at  the  moment 
m  — irteatioa.    Further  vesearahea  are  ye4  required  to  clear  up  this  siibjeot. 
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tre  of  less  interest  or  importance  to  you.  It  is  necessazy  only,  to  a 
clear  understanding  of  the  kind  of  changes  which  take  place  when  butter 
becomes  rancid,  that  I  should  exhibit  to  you  the  formuls  by  which  these 
acid  bodies  are  severally  represented  : — 

Butyric  acid  =  Cs    He    O4 

Caproic  acid  =  C12  H9    O3 

Capric  acid    =  Cis  Hu  O3 
We  shall  see  how  these  substances  are  produced  from  the  solid  and 
fluid  fats  of  butter,  when  we  come  to  treat  of  the  preservation  of  butter. 

§  14.  Of  casein  or  the  curd  of  milk  and  its  properties. 

The  casein  or  cheesy  matter  of  milk  may  be  obtained  nearly  pure  by 
the  following  process  : — Heat  a  quantity  of  milk  which  has  stood  for  6 
or  6  hours,  as  if  you  intended  to  prepare  clouted  cream  (p.  548),  let  it 
cool,  and  separate  the  cream  completely.  Add  now  to  the  milk  a  little 
vinegar  and  heat  it  gently.  The  whole  will  coagulate,  and  the  curd  will 
separate.  Pour  oflf  the  whey,  and  wash  the  curd  well  by  kneading  it 
with  repeated  portions  of  water.  When  pressed  and  dried,  this  will  be 
casein  sufficiently  pure  for  ordinary  purposes.  It  may  be  made  still 
more  pure  by  dissolving  it  in  a  weak  solution  of  carbonate  of  soda,  al- 
lowing the  solution  to  stand  for  12  hours  in  a  shallow  vessel,  separating 
any  cream  that  may  rise  to  the  surface,  again  throwing  down  the  cura 
by  vinegar,  washing  it  frequently,  and  occasionally  boiling  it  with  pure 
wat«%r.  Bv  repeating  this  process  two  or  three  times,  it  may  be  obtained 
almost  entirely  free  from  the  fatty  and  saline  matters  of  the  milk. 

Casein  thus  prepared  reddens  vegetable  blues,  and  is  therefore  a 
slightly  acid  substance.  It  is  very  sparingly  soluble  in  water — 400  lbs. 
of  cold  water  dissolving  only  1  lb.  of  pure  casein  (Rochleder).  It  dis- 
solves readily,  however,  and  in  large  quantity,  in  a  weak  solution  of  the 
carbonate  of  potash  or  of  soda,  and  to  some  extent  even  in  lime-water. 
These  solutions  are  coagulated  by  tlie  addition  of  an  acid^-of  sulphuric 
acid,  of  vinegar,  or  of  lactic  acid — and  the  curd  readily  separates  on  the 
application  of  a  gentle  heat.  If  a  large  quantity  of  acid  be  added,  a  por- 
tion of  the  casein  is  re-dissolved.  This  property  of  dissolving  in  weak 
alcaline  (potash  or  soda)  solutions,  satisfactorily  explains  what  takes 
place  dnrins  the  curdling  of  milk,  as  we  shall  hereafter  see  (p.  667). 

The  casern  of  milk  is  identical  in  chemical  constitution  with  the  fibnn 
of  wheat,  the  legumin  of  the  pea  and  bean,*  and  the  albumen  of  the 
egg  or  of  vegetable  substances.  Hence  the  opinion  has  naturally  arisen 
among  chemists,  that  the  cheesy  matter  contained  in  an  animal's  milk  is 
derived  directly,  and  without  change,  from  the  food  on  which  it  lives. 
The  probability  of  this  opinion  will  come  naturally  under  our  considera- 
tion in  the  following  lecture.  (See  next  lecture,  "  On  the  feeding  of 
stock.*') 

Casein  possesses  still  one  property  more  remarkable  than  any  of  its 

*  Id  paf  •  3M  It  la  stated,  rni  the  aathnrltj  of  Dnmaa,  that  the  legomf n  of  the  pea  and  b«a 
differa  in  composition  froiii  fibrin  and  albumen  Since  th^  ahe^t  was  published,  it  appears, 
from  the  experiments  of  Rochleder  (Annal.  der  Chem.  and  Pharm.,  zlri.,  p.  162),  (hat  the 
legumin  which  Domas  extracted  Trom  the  almond,  analjsed,  and  supposed  to  be  identical 
with  the  legumin  of  the  bean  and  pea,  is  not  so,  but  ia  in  reality  a  diflrerenl  substance ;  and 
that  the  legumin  of  peas  dotM  agree  in  eomposiiion  with  the  casein  of  milk. 

uigmzeu  uy  >-j  vy^z-x  iv. 
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odiora,  and  exceedingly  interesting  to  the  practical  agriculturist.     Let 
me  explain  this  property  a  little  more  in  detail. 

§  15.  Of  the  relations  of  casein  to  the  sugars  and  the  fats. 

1°.  Relation  to  the  sugars. — a.  Production  of  lactic  cudd — ^I  have 
already  adverted  (p.  543)  to  the  remarkahle  property  which  casein  pos- 
sesses of  gradually  converting  milk  or  other  sugars  into  lactic  acid.  If 
a  small  quantity  of  this  substance,  either  in  the  state  of  fresh  curd  or  in 
the  purer  form  just  described,  be  introduced  into  a  solution  of  cane-sugar, 
or  of  sugar  of  milk,  lactic  acid  begins  very  soon  to  be  formed.  Thus 
the  casein  it  contains  is  the  cause  of  the  souring  of  milk.  In  like  man- 
ner it  is  the  casein  contained  in  bean  or  pea-meal  which  makes  it  so 
soon  become  sour  when  mixed  with  water. 

h.  Production  of  butyric  acid' — But  the  transforming  action  of  casein 
doos  not  end  when  this  change  is  produced.  After  a  longer  time  a 
further  alteration  is  effected  by  iis  means.  A  fermentation  commences, 
during  which  carbonic  acid  and  pure  hydrogen  gases  are  given  ofT,  and 
butyric  acid  is  produced  (Pelouze  and  Gelis).  Let  us  consider  the 
nature  of  this  new  change. 

Butyric  acid  is  represented  by  Cs  Ha  O4  ;  and  lactic  acid,  as  we  have 
seen,  by  Ce  He  Oe  ;  therefore^ 

4  of  lactic  acid     .....=  C24  H24  O24  and 
3  of  butyric  acid =  Cai  H24  O12 

Difference O12 

That  is  to  say,  that  4  of  lactic  acid,  in  order  to  be  converted  into  3  of 
butyric  acid,  must  give  off  12  of  oxygen.  But  during  the  fermentation 
which  accompanies  the  change  no  ox\'gen  is  given  off.  The  gases 
which  escape  are  carbonic  acid  and  hydrogen.  The  oxygen  given  off 
by  one  portion  of  the  lactic  acid,  therefore,  must  combine  with  the  ele- 
ments of  another  portion,  and  convert  it  into  these  gases.  Thus  to^ 
IJ  of  lactic  acid  .  .  =  C9  Hg  O9 
Add  12  of  oxygen   .     .     =  O12 

9  of  cart>o*      ,      6  of  hy-      ,     3  of 
■  nic  acid       "»"     dnnten        •"  water. 

And  we  have  .  .  .  C9  H9  O21  =  9  C  O2  -|-  6H  +  3  HO  ; 
or,  while  4  atoms  of  lactic  acid  are  con  vetted  into  3  of  butyric  acid,  I^ 
of  lactic  acid  are  at  the  same  time  converted  into  9  of  carbonic  acid  gas, 
6  of  h}rdrogen  gas,  and  3  of  water.  The  gases  escape  and  cause  the  fer- 
mentation, while  the  water  remains  in  the  solution.* 

*  I  have  taken  in  the  text  the  tmallest  numbers  by  which  the  general  change  could  be  re- 
presented in  the  srmplesl  way.  Aixorrlin?  to  Pelouze  and  Gelis,  however,  the  hydrofen 
flTen  oir  Is  sensibly  one-third  of  tlie  bulk  of  the  carbonic  acid  when  the  butyrie  fexmeola. 
tUm  la  in  its  vigour.  To  satisfy  this  condition,  therefore,  mach  higher  nombera  muai  b« 
taken ;  such  as  the  following  :— 

20  of  lactic  acid       =s  Civo  Htio  Oifo  are  convartad  into 

15  of  butyric  acid =CuoHi.o060 

Givingpff =  Om 

And  these  60  of  oxygen  decompose  6  of  lactic  acid,  aa  aboTe  described.    Thus  to— 

6  of  luetic Ca6Uj6(>3a 

Add  60  of  oxygen     .    .  O60 

6  of  carbonic  acid  +  12  hydrogen  +  21  water. 

And  we  have     .    .    CWH38  08e  =  36CO<  +  isitt  +  5nHO, 

where  the  caztmaic  B«ld  gas  is  exactly  ibree  timei  the  bulk  of  the  bydrogeagaa  prDduMd. 


y  Google 


or  THE  RANCIDITT   OF  BUTTER.  M9 

The  butyric  acid  thus  produced  is  a  colourless  transparent  volatile 
liquldt  which  eiuits  a  mingled  odour  of  vinegar  and  of  rancid  butter. 
To  the  production  and  presence  of  tliis  acid,  therefore,  in  the  milii  or 
cream  or  in  the  manufactured  butter,  the  rancidity  of  this  important 
dairy  product  is  partly  to  be  ascribed. 

2°.  Relation  to  the  fatty  bodies. — It  is  probable  that  in  certain  cir- 
cumstances the  casein  of  milk  is  capable  of  inducing  chemical  changes 
in  the  fatty  bodies  as  well  as  in  the  sugars,  but  this  conjecture  has  not, 
as  yet,  been  verified  by  rigorous  experimental  investigation. 

3°.  Relation  to  faU  and  sugars  mixed. -^^It  is  known,  however,  to  act 
upon  fatty  bodies  when  mixed  with  sugar.  Thus,  if  a  small  quanti^ 
of  casein  be  added  to  a  solution  of  sugar,  lactic  acid  is  produced  for  a 
certain  length  of  time,  but  it  ceases  to  be  sensibly  formed  before  the 
whole  of  the  sugar  is  transformed  into  this  acid.  If  now  a  quantity  of 
oily  matter  be  added  to  the  mixture,  the  production  of  lactic  acid  will  re- 
commence, and  may  <Antinue  till  all  the  sugar  is  changed.  If  more 
sugar  be  added  by  degrees,  the  formation  of  acid  will  go  on  again,  and, 
after  a  while,  will  ceaJse.  The  introduction  of  a  little  more  oil  will  again 
give  rise  to  the  production  of  acid,  and,  at  length,  the  acid  will  cease  to 
be  formed,  wbdle  both  suear  and  oil  are  present.  The  casein  originally 
added  has  now  produced  its  full  effect  (Lehmann). 

It  appears,  therefore,  that  in  the  presence  of  sugar,  casein  is  capable 
of  chsaigmg  or  decomposing  the  fatty  bodies  also,  and  of  giving  birth  to 
oily  acids  of  various  kintls.  Now,  iu  milk,  in  cream,  and  in  butter,  the 
casein  is  mixed  with  the  sugar  of  the  milk  and  the  fats  of  the  butter,  and 
thus  is  in  a  condition  for  r-hanging  at  one  and  the  same  time  both  the 
nugar  into  lactic  or  butyric  aci^,  and  the  butter  into  oilier  acids  of  a 
fatty  kind.  Among  those  latter  into  which  the  butter-oil  is  convertible 
may  probably  be  reckoned  the  capric  and  craproic  acids,  which  are  still 
more  unpleasant  to  the  smell  and  taste  than  the  butyric  acid,  and  which 
axe  known  lo  be  {iresent  in  rancid  butter. 

§  16.  Of  the  rancidity  and  preservation  of  butler. 

We  are  now  prepared,  in  some  measure,  to  understand  the  changes 
that  take  place  when  butter. becomes  rancid — and  the  way  in  which  those 
substances  act  which  are  usually  employed  for  preserving  it  in  a  sweet 
and  natural  state. 

1°.  When  butter  becomes  rancid,  there  are  two  substances  which 
change— the  fatty  matters  and  tlie  milk  sugar  with  which  they  are  mixed. 
There  are  also  two  agencies  by  which  these  changes  are  induced^the- 
casein  present  in  butter,  and  the  oxygen  of  tlie  atmosphere.  The  quantity 
of  casein  or  cheesy  matter  which  butter  usually  contains  is  very  small, 
but,  as  we  have  seen,  it  is  the  singular  property  of  this  substance  to  in- 
duce chemical  changes  of  a  very  remarkable  kind,  upon  other  compound 
bodies,  even  when  mixed  with  them  in  very  minute  quantity. 

2°.  As  it  comes  from  the  cow,  tliis  substance,  casein,  produces  no 
change  on  the  sugar  or  on  the  fatty  matters  of  the  milk.    But  after  a 

BTery  chemUt  U  aw&rt*,  however,  that  In  decomposfrlons  of  this  kind,  it  is  seldom 
tint  one  sinitle  product  la  obtained  alone.  Though  the  above  formula,  tlier«rore,  represents 
truly  how  butyrle  acid  may  be  produced  from  lactic  acid  under  tii*^  rirnimstaticps.  j^t 
other  substances  are  not  unrrcquendy  formed  during  the  actual  experiment,  b/  which  Uie 
'malt  is  man  or  loss  eompUutcd. 
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short  exposure  to  the  air  it  alters  in  some  degree,  and  acquires  the  power 
of  tranH forming  railk  sugar  into  lactic  acid.  Hence,  as  we  have  seen,  die 
milk  I)egin9  speedily  to  become  sour.  Further  changes  follow^  and, 
among  other  substances,  butyric  acid  is  formed. 

In  butter  the  same  channfos  take  place.  The  casein  alters  the  sugar 
and  the  fatty  matters,  producing  the  butyric  and  other  acids,  to  which  its 
rancid  taste  and  smell  are  lo  be  ascribed. 

In  the  manufacture  of  butter,  therefore,  it  is  of  consequence  to  free  it  as 
completely  as  possible  from  the  curd  and  sugar  of  milk.  This  is  done 
in  some  dairies  by  kneading  and  pressing  only ;  in  others,  by  washing 
with  cold  water  as  long  as  the  latter  comes  ofi*  milky.  The  washioc 
must  be  the  most  effective  method,  and  is  very  generally  recommexidea 
for  butter  that  is  to  be  eaten  fresh.  In  some  dairies,  however,  it  is  care- 
fully abstained  from,  in  the  case  of  butter  which  is  to  be  salted  lor  long 
keeping. 

There  are  two  circumstances  which,  in  the  case  of  butter  that  ia  to  be 
kept  for  a  length  of  time,  may  render  it  inexpedient  to  adopt  the  method 
of  washing.  The  water  may  not  be  of  the  purest  kind,  and  thus  may 
be  fitted  to  promote  the  future  decomposition  of  the  butter.  Spreogel 
says  that  the  water  ought  to  contain  as  little  lime  as  possible,  because 
the  butter  retains  the  lime  and  acquires  a  bad  taste  from  it. 

But  the  water  may  also  contain  organic  substances  in  solution— vege- 
table or  animal  matters  not  >'isible  perhaps,  yet  usually  present  even  in 
spring  water.  These  the  butter  is  sure  to  extract,  and  they  may  mate- 
rially contribute  to  its  afler-decay,  and  to  the  difficulty  of  pceserving  k 
from  rancidity. 

Again,  the  washing  with  warer  exposes  the  particles  of  the  butter  to 
the  action  of  the  oxygen  of  the  atmosphere  much  more  than  when  the 
butter  is  merely  well  scpieezed.  The  ellect  of  this  oxygen,  in  alteriog 
either  the  fatty  matters  themselves  or  tlie  small  quantity  of  casein  which 
remains  mixed  with  tliem,  may,  no  doubt,  contribute  to  render  some  bai- 
ters more  susceptible  of  decay. 

3°.  But  the  casein,  after  it  has  been  a  still  longer  time  or  more  fully 
exposed  to  the  air,  undergoes  a  second  alterarion,  by  which  its  tendency 
to  transform  the  substances  with  which  it  may  be  in  contact,  is  consi- 
derably increased.  It  acquires  the  property  also  of  inducing  chemical 
changes  of  another  kind,  and  it  is  not  improbable  that  tlie  more  un- 
pleasant smelling  capric  and  caproic  acids  may  be  produced  doring  this 
period  of  its  action. 

In  the  preservation  of  butter,  therefore,  for  a  length  of  rime,  it  is  of 
indispensable  necessity  that  the  air  should  be  excluded  from  it  as  com- 
pletely as  possible,  in  butter  that  is  to  be  salted  also,  it  is  obvious  that 
the  sooner  the  salt  is  applied  and  the  whole  packed  close,  the  better  and 
sweeter  the  butter  is  likely  to  remain. 

4**.  The  action  of  this  cheesy  matter,  and  its  tendency  to  decay,  are 
arrested  or  greatly  retarded  by  the  jpresence  o^  saturated  solutions  of  cer- 
tain saline  and  other  substances.  Of  this  kind  is  common  salt,  which  is 
most  usually  employed  for  the  purpose  of  preserving  butter.  Saltpetre, 
also,  possesses  this  property  in  a  less  degree,  and  is  said  to  impart  to  the 
butter  an  agreeable  flavour.  A  syrup  or  stronff  solution  of  sugar  will 
likewise  prevent  both  meat  and  butter  from  becoming  rancid.     Like  salt- 
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petre,  however,  it  is  eeldom  used  alone,  but  it  is  not  unoommoa  to  em- 
ploy a  mixture  of  common  salt,  saltpetre,  and  sugar,  for  the  preservation 
of  butter.  Where  the  butter  has  been  washed,  this  admixture  of  cane- 
sugar  may  sup  ply  the  place  of  the  milk-sugar  which  the  butter  originally 
contained,  and  may  impart  to  it  a  sweeter  taste. 

The  salt  should  be  as  pure  as  possible,  as  free,  at  least,  from  lime  and 
magnesia  as  it  can  be  obtained,  since  these  substances  are  apt  to  give 
it  a  bitter  or  other  disagreeable  taste.  It  is  easy,  however,  to  purify  the 
common  salt  of  the  shops  from  these  impurities  by  pourins  a  couple  of 
quarts  of  boiling  water  upon  a  stone  or  two  of  salt,  stimnx  the  whole 
well  about,  now  and  then,  for  a  couple  of  hours,  and  afterwaras  straining 
it  through  a  clean  clolh.  The  water  which  runs  through  is  a  saturated 
aolution  of  salt,  and  contains  all  the  impurities,  but  may  be  used  for  com- 
mon culinary  purposes  or  may  be  mixed  with  the  rood  of  the  cattle. 
The  salt  which  remains  on  the  cloth  is  free  from  the  soluble  salts  of  lime 
and  magnesia,  and  may  be  hung  up  in  the  cloth  till  it  is  dry  enough  lo 
be  used  for  mixing  with  the  butter  or  with  cheese. 

The  quantity  of  salt  usually  employed  is  from  ^tli  to  ^th  part  of  the 
weight  of  the  butter— with  wnich  it  ought  to  be  well  and  thoroughly  in- 
corporated. The  first  sensible  etfect  of  the  salt  is  to  make  the  butter 
shrink  and  diminish  in  bulk.  It  becomes  more  solid  and  squeezes  out  a 
portion  of  the  watez^-^wiih  which  part  of  the  salt  also  flows  away.  It  is 
not  known  that  the  casein  actually  combines  with  the  salt,  nor,  if  it  did, 
considering  the  ver^-  small  quantity  of  this  substance  which  is  present  in 
butter,  could  much  salt  be  required  for  this  purpose.  But  the  pointe  to 
attend  to  in  the  salting  of  butter  are  to  take  care  that  all  the  water  which 
remains  in  the  butter  shall  be  fully  saturated  with  salt^^hst  is  to  say, 
shall  have  dissolved  as  much  as  it  can  possibly  take  upland  that  in  no 
part  of  the  butter  shall  there  be  a  particle  of  cheesy  matter  which  is  not 
also  in  contact  witli  salt.  If  you  exclude  the  air,  the  presence  of  a  sat- 
urated solution  of  salt  will  jiot  only  preserve  this  cheesy  matter  from  it^ 
self  undergoing  decay,  bnt  will  render  it  unable  also  u>  induce  decay  in 
the  sugar  and  fat  which  are  in  contact  with  it.* 

It  is  really  extraordinary  that  such  rigid  precautions  should  be  necea- 
aary  to  prevent  the  evil  influence  of  half  a  pound  of  cheesy  matter,  or  less, 
in  a  hundred  pounds  of  butter  (p.  551). 

5^.  Though  the  curd  or  casein  appears  to  be  the  enemy  against  whose 
secret  machinations  the  dairy  farmer  has  chiefly  to  guard,  yet  the  oxygen 
of  the  atmosphere  is  a  second  agent  by  which  the  fatty  matters  of  butter 
are  liable  to  be  brought  into  a  state  of  decomposition,  and  the  presence 
of  which,  therefore,  should  be  excluded  as  carefully  as  possible. 

We  have  seen  that  by  the  action  of  oxygen  the  solid  margaric  acid  of 
butter  may  be  changed  into  the  oleic  or  liquid  acid  of  butter  (p.  560.) 

'  Mr.  Ballantyne  thus  dMerlhea  the  metbnd  of  odtins  butter  practiaed  ftt  his  dairy  fiirm  of 
30  cows,  near  Edinbuiyh :— '*  The  buUer  Is  drawn  warm  from  ihe  eham,  and  it  Is  an  invarh 
able  rule  neeer  to  wash  it  or  dip  it  into  toater^  when  intended  to  be  oaUed.  The  dairymaid 
pata  it  into  a  clean  tab,  which  U  previoualy  well  rinsed  with  cold  water,  and  then  worica  It 
with  cool  hands  UU  all  the  milk  is  tborotishly  squeezed  out.  Balf  the  allowed  quantity  of 
salt  is  then  added,  and  well  mixed  up  with  the  buUer,  and  in  this  slate  it  is  allowed  lo  stand 
UU  next  morning,  when  it  is  again  wrouj^lit  up,  any  brine  aqiieexed  out,  and  the  remainder 
of  the  salt  addeii.  It  is  then  packed  into  kits,  which,  when  full,  should  bo  wpjl  covered  up, 
and  placed  in  a  cool  dry  store— a  small  quantity  of  salt  is  usually  sprinkled  on  the  surface. 
The  proportion  of  salt  used  at  this  dairy  is  half  apouod  to  fourteen  pounds  of  boUex."— 
Journal ^  AsrteuUure, Nmo  Sitieo,  voU  l^p.  26.  ,    ,  ,^^^     ^w^^i^ 
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This  w  die  first  stage  in  the  deeomfMetiioD,  wliich,  wben  onoe  begaa« 
generally  spreads  or  extends  with  increasing  rapidit^r** 

Again,  I  have  atso  stated  that  this  fluid  (oleic)  acid  of  butter  abaoHia 
oxygen  with  great  ramdity  from  the  air  (p.  560),  and  changes  rapidly  imo 
other  compounds.  This  is  the  second  stage,  and  is  succeeded  by  othen, 
which  it  is  anneces^ary  to  enumerate. 

To  this  action  of  the  air  is  partly  to  be  ascribed  that  peculiar  kind  of 
rancidity,  which,  without  penetrating  into  the  interior  of  well  packed 
butter,  is  yet  perceptible  on  iu  external  suTface,  wherever  the  air  has 
come  in  contact  with  ii.  A  knowledge  of  this  action  of  the  atmospbere, 
Aerefbre,  urges  strongly  the  necessity  of  closely  incorporating  and  knead- 
ing together  the  butter  m  the  cask  or  firkin— that  no  air  holes  or  openings 
for  air  be  left— that  the  cask  itself  be  not  only  water-tight  but  air-tight-^ 
and  that  it  should  never  be  finally  closed  till  the  butter  has  shrunk  in  as 
far  as  it  is  likely  to  do,  and  until  the  vacancies,  which  may  have 
arisen  between  the  batter  and  the  cask,  have  been  carefully  filled  up 
again. 

§  17.  Of  iKe  natural  and  artificial  eurdling  of  miik. 

When  milk  is  left  to  itself  for  a  certain  length  of  time  it  becomes  soar 
mnd  curdles.  The  curd  and  whey,  however,  do  not  readily  separate  un- 
less a  gentle  heat  be  applied,  when  the  curd  oontracts  in  bulk,  and  either 
squeeses  out  and  floats  upon  the  whpy,  or,  when  cut  into  pieces  or  placed 
in  a  perforated  cheese-vat,  allows  the  whey  freely  to  flow  from  it.  If 
the  mixed  curd  and  whey  from  the  entire  milk  be  allowed  to  simmer  for 
a  length  of  time  at  a  slow  fire,  the  buttery  part  will  separate  from  the 
cheese,  and  will  float  on  the  top  in  the  form  of  a  fluid  oil. 

1^.  Natwral  curdling,^^T\\e  natural  curdling  of  milk  is  produced  by 
the  lactic  acid,  which,  as  we  have  seen  (p.  544),  is  always  formed  from 
the  milk-sugar  when  milk  is  allowed  to  stand  for  any  length  of  time  in 
-the  air.  It  does  not  curdle  immediately  nix>n  becoming  sour,  for  a  reason 
which  I  shall  presently  explain. 

2^.  ArliMal  curdling, ^-^l^nt  it  is  not  usual  in  the  maanfadnre  of 
-cheese  to  allow  the  milk  to  sour  and  curdle  of  its  own  accord.  The  pro- 
cess is  generally  hastened  by  the  artificial  addition  of  acid,  or  of  some 
substance,  such  as  rennet,  bv  which  the  natural  production  of  acid  is  ao- 
oelerated.  Almost  any  acitf  substance  will  have  the  efiect  c^  curdling 
milk.  Muriatic  acid  (spirit  of  salt),  diluted  with  water,  is  said  to  be  ex- 
tensively, though  not  universally,  employed  in  Holland  for  this  pur- 
poife.    in  other  coantries  vinegar,  f  tartaric  acid,  lemon  juice,  cream  of 

*  I  do  not  know  whether  a  convene  chente  la  ever  obeerved  in  butter  67  k»g  keepiag  is 
contact  with  brine — whelUrr  It  ever  becomes  very  eensibly  harder.  Tdlow,  aa  w  well 
known  to  candle^makers,  and  eepeoialljr  to  the  manufaciurere  of  eiearin  candlea,  becomes 
harder  by  keeping.  Indeed  eomeiimee  ie  unlit  foroae  unili  it  It  a  year  old— candles  In  a  damp 
plaea  become  hanlArby  keepitif--and  in  fallow  that  haa  kin  loof  In  a  wet  nine  the  oily  part 
haa  been  fbnnd  entirely  ehaafed  Into  the  eoUd  fat  of  lallow  (Beett).  A  simitar  obaaf*, 
tberefore,  ie  not  Impossible  nor  InexpUoable  In  butter  elso-^nly  if  Itever  dtf^Mftplace,  we 
•hooid  expect  the  chaof  ed  batter  to  be  lees  aolld  and  dense  than  before.  > 

t "  To  conciliate  s  cotyfa  of  milk  we  afi<1  a  cynthtu  of  sweet  vlnefsr"  CDIoscortdee).  Milk 
Is  also  curdled  bv  artlent  spirits,  by  the  jiilce  of  the  fijt.  and  by  a  decoction  of  the  flowers  of 
the  artichoke,  of  the  white  sml  yellow  bed-straw  (nlium),  snd  of  the  crowfoot  (rammcMte 
J^^mula  and  Unruta).  The  Tuscan  ewe-cheeee  is  curdled  with  the  Juice  of  the  frtdL  or 
•Ki-fc  i»«>«Mon  oTthedrierf  flowers  of  the  wiltl  thistle,  or  with  the  flowen  of  the  arbohoks. 
wiucb  givaa  a  obMse  of  flner  colour  and  Ism  puqgeot  taaCe.  ^^ 
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^artVt  aad  «k  of  tonel  have  beeo  ooeasioiiatty  aaed,  and  in  SwitBeriand 
•-^espedally  in  the  manofacture  of  tbe  sekabzUgcr  cheese—it  v»  cue- 
lomaiFy  to  add  meDeiy  a  little  soar  milk  for  the  purpose  of  piodnoing  the 
curd. 

3^.  Ckemicalaeticn  of  the  acid.-^BvLt  how  does  the  acid  act  in  causing 
•the  mikk  to  curdle,  and  why  is  it  necessary  to  allow  a  little  time  to 
elapse  and  to  apply  also  a  gentle  heat  beiore  the  curd  will  completely 
aepacate? 

In  legaid  to  casein  or  the  cheesy  matter  of  milk,  we  have  seen  (p. 

a.  That  though  nearly  insoluble  in  pure  water,  it  dissolves  readily  in 
water  containing  in  solution  a  small  quantity  of  potash  or  soda,  either  in 
the  caustic  or  carbooafeed  state.  In  other  words  tbe  casein,  which  is  an 
add  substance,  unites  chemically  with  the  potash  or  the  soda,  bmhA/otwu 
a  ammund  tohiek  U  solmbU  in  waUr. 

b»  That  when  an  acid  is  added  to  this  solution,  it  takes  the  potash  or 
ooda  from  the  casein  and  combines  with  it,  leaving  the  curd  again  in  its 
original  insoluble  state,  and  causing  it,  therefore,  to  separate  from  the 


Now  in  milk,  as  it  comes  from  the  cow,  the  casein  is  in  chemical 
.oombination  with  a  small  quantity  of  soda,  by  which  it  is  rendered  so- 
luble in  the  water  of  which  the  milk  chiefly  ooosistM.  When  the  milk 
stands  for  a  time  in  the  air,  the  sugar  of  milk,  as  we  have  seen,  is  trans- 
formed into  laetic  acid-— this  acid  takes  the  soda  from  the  casein,  and 
forms  iaetate  of  soda,  and  the  cheesy  matter,  in  conseauence,  being  itself 
insoluble  in  water,  separates  in  die  form  of  curd.  The  applici|tk>n  of  a 
gentle  heat  acts  in  two  ways.  It  aids  the  acid  in  more  completely  taking 
Uie  soda  from  the  casein,  and  causes  the  latter  at  the  same  time  to 
'Shrink  in,  to  become  less  bulky,  and  tbos4o  separate  readily  from  the 
whey. 

K  we  add  an  acid  artificially  to  milk,  the  eSeot  is  exactly  tbe  same. 
£ither  muriatic  add,  or  tartaric  acid,  or  vinegar,  or  sour  milk,  will,  in  the 
same  way,  take  the  soda  from  the  casein,  aod  render  it  insoluble.  And 
that  this  is  the  trae  action  is  readily  proved  by  adding  a  little  soda  to 
curdled  milk,  when  the  curd  will  be  re-dissolved,  and  the  milk  will  be- 
come sweet.  Add  ackl  to  it  now,  or  let  it  sour  naturally  a  second  time, 
ami  the  cmd  will  again  be  separated. 

The  action  of  rennet  is  in  some  degree  different,  though  no  less  simple 
and  beaotifiil.  Let  us  first,  however,  consider  what  rennet  is,  and  how 
it  is  prepared. 

§18.  Of  the  preparoHon  of  rennet. 

Rennet  is  prepared  from  the  salted  stomach  or  intestines  of  the  suck- 
ling calf,  the  unweaned  lamb,  the  young  kid,  or  the  young  pig.*  In 
general,  however,  the  stomach  of  the  calf  is  preferred,  and  there  are 
various  ways  of  curing  and  preserving  it 

l^.  Preparing  the  stomach, — The  stomach  of  the  newly  killed  animal 
contains  a  quantity  of  curd  derived  from  the  milk  on  which  it  has  been 
ied.    In  most  distiicts  (Switzerland,  Gloucester,  Cheshire)  it  is  usufil  to 


'  Dried  p(f9  MMlcfar  Hi  often  Maplojed  IombmI  ofttf  drtod  kid'i  MoaiMblbreardlliiff  the 
fet'eaiUk  OB  Mooi  Dor. 

uigmzeu  oy  x_j  v.'^/'i  i\^ 
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remove  by  a  gentle  waahiag  the  cord  and  slimy  matten  wfaidi  are  pvo^ 
aent  in  the  etomach,  as  they  are  sapposed  to  impart  a  stimig  taste  to  the 
cheese.  In  Cheshire  the  curd  is  finquentiy  salted  separately  for  imme- 
diate use.  In  Ayrshire  and  Limburg,  on  the  other  hand,  the  curd  is 
always  left  in  the  stomach  and  salted  along  with  it.  Some  even  give 
the  calf  a  copious  draught  of  milk  shord^  before  it  is  killed,  in  order  that 
the  stomach  may  contain  a  larger  cfuantity  of  the  valuable  curd. 

2°.  S€dting  the  atomocA.— In  the  mode  of  saldng  the  stomach  similar 
diflfereDces  prevail.  Some  merely  put  a  few  hamliuls  of  salt  into  and 
around  it,  then  roll  it  together,  and  hang  it  near  the  chimney  lo  dry. 
Others  salt  it  in  a  pickle  for  a  few  days,  and  then  hang  it  up  to  dry 
(Gloucester),  while  others  again  (Chesliire)  pack  several  of  them  in 
layers  with  much  salt  both  within  and  without,  and  preserve  them  in  a 
cool  place  till  the  cheese-making  season  of  the  following  year.  They 
are  then  taken  out,  drained  from  the  brine,  spread  upon  a  table,  sprinkled 
with  salt  which  is  rolled  in  with  a  wooden  roller,  and  then  hung  up  to 
dry.  In  some  foreign  countries,  again,  the  recent  stomach  is  minced  very 
fine,  mixed  with  some  spoonfuls  of  salt  and  bread-crumb  into  a  paste, 
put  into  a  bladder,  and  then  dried.  In  Lombardy  the  stomach,  after 
being  salted  and  dried,  is  minced  and  mixed  up  with  salt,  pepper,  and  a 
little  whey  or  water  into  a  paste,  which  is  preserved  for  use.  [Cattaneo^ 
II  latte  e  i  suoi  prodotti,  p.  204.1 

In  whatever  way  the  stomach  or  intestine  of  the  calf  is  prepared  an^i 
preserved,  the  almost  universal  opinion  seems  to  be,  that  it  should  be 
kept  for  10  or  1 2  months  before  it  is  capable  of  yielding  the  best  and 
strongest  rennet.  If  newer  than  12  months,  the  rennet  is  thought  in 
Gloucestershire  '*  to  make  the  cheeses  heave  or  swell,  and  become  full 
of  eyes  or  holes."  [British  Husbandry,  ii.,  p.  420.] 

3°.  Making  the  rennel,^^ln  making  the  rennet  different  customs  also 
prevail.  In  some  districts,  as  in  Cheshire,  a  bit  of  the  dried  stomach  is 
put  into  half  a  pint  of  lukewarm  water  with  as  much  salt  as  will  lie 
upon  a  shilling,  is  allowed  to  stand  over  night,  and  in  the  morning  the 
infusion  is  poured  into  !he  milk.  For  a  cheese  of  601bs.  weight,  a  piece 
of  the  size  of  half*a-ciown  will  often  be  sufficient,  though  of  some  skins 
as  much  as  10  square  inches  are  required  to  produce  the  same  efiect  [Dr» 
HolhiBd.] 

It  is  perhaps  more  common,  however,  to  take  the  entire  stomach 
{dried-mawe,  veUs^  reede,  or  yiming*  they  are  often  called),  and  to  pour 
upon  them  from  one  to  three  quarts  of  water  for  each  stomach,  and  to 
allow  them  to  infuse  for  several  days.  If  only  one  has  been  infused,  and 
the  rennet  is  intended  for  immediate  use,  the  mfusion  requires  only  to  be 
skimmed  and  strained.  But  if  several  maw-skins  be  iniiised— or,  as  is 
the  custom  in  Cheshire,  as  many  as  have  been  provided  for  the  whole 
season — about  two  quarts  of  water  are  taken  for  each,  and,  after  stand- 
ing not  more  than  two  days,  the  infusion  is  poured  oft^  and  is  completely 
saturated  with  salt.  During  the  summer  it  is  constantly  skimmed,  and 
fresh  salt  added  from  time  to  time.     Or  a  strong  brine  may  at  once 

*  lo  NorthumberUnd  the  dried  etomaeh  Isaometlme*  colled  the  Xesfap,  which  to  cvldenrly 
the  Oennan  kdee-laby  cheeae-rennet.  Loppert  and  lanpert^  applied  in  Northumberland  and 
me  Weat  of  Bcoiland  respectively  to  sour,  curdled  inflk,  to  derived  ftom  ttw  eame  Gennon 
«»,  rennet,  or  labv^  to  c<mfiulale. 
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be  poured  upoo  the  skins,  and  the  infusioD,  when  the  skins  are  taken 
out,  may  be  kept  for  a  length  of  time*  Some  even  lecommend  that 
the  liquid  rennet  should  not  be  used  until  it  is  at  least  two  months  old. 
When  thus  kept,  however,  it  is  indispensable  that  the  water  should  be 
fiilly  saturated  with  salt. 

In  Ayrshiie,  and  in  some  other  counties,  it  is  customaiy  to  cut  the 
dried  stomach  into  small  pieces,  and  to  put  it,  with  a  handful  or  two  of 
salt  and  one  or  two  quarts  of  water,  into  a  jar,  to  allow  it  to  stand  for  two 
or  three  days,  afterwards  to  pour  upon  it  another  pint  for  a  couple  of  days, 
to  mix  the  two  decoctions,  and,  when  strained,  to  botde  the  whole  for 
future  use.     In  this  state  it  may  be  kept  for  many  months.* 

In  all  the  methods  above  described,  the  exhausted  skins  are  thrown 
away.  Where  they  are  cut  into  pieces,  as  in  Che^ire  and  Ayrshire, 
they  cannot  of  course  be  put  to  any  second  use,  but  where  they  are  steeped 
whole,  there  is  every  reason  to  believe  that  they  might  be  used  with  al- 
most equal  advantage  a  second  or  even  a  third  time.  Accordingly,  it 
lias  long  been  the  custom  in  the  north  of  England  to  re^aaU  the  stomach 
afler  it  has  been  once  steeped,  and  when  long  dried,  as  before,  to  use  it 
a  second  and  even  a  third  time  for  the  preparadon  of  rennet.  When  we 
explain  the  mode  in  which  rennet  acts,  you  will  see  that  the  same  skin 
may,  with  good  reason,  be  expected  to  yield  a  good  rennet,  after  being 
salted  again  and  again  for  an  indefinite  number  of  times. 

In  making  rennet,  some  use  pure  water  only,  others  prefer  clear  whey, 
others  a  decoction  of  leaves— -such  as  those  of  the  sweetbriar,  the  dog^ 
rose,  and  the  bramble— or  of  aromatic  herbs  and  flowers,  while  others, 
again,  put  in  letiions,  cloves,  mace,  or  brandy.  These  various  practices 
are  adopted  for  the  purpose  of  making  the  rennet  keep  better,  of  lessen- 
ing its  unpleasant  smell,  of  |)reventing  any  unpleasant  taste  it  might 
gve  to  the  curd,  or  finally  of  directly  improving  the  flavour  of  the  cheese. 
The  acidity  of  the  lemon  will,  no  doubt,  increase  also  the  coagulating 
power  of  any  rennet  to  which  it  may  be  added. 

4^.  How  the  rennet  is  tued.^^The  rennet  thus  prepared  is  poured  into 
the  milk  previously  nused  to.  the  temperature  of  90^  or  9b°  F.,  and  is 
intimately  mixed  with  it.  The  quantity  which  it  is  necessary  to  add 
varies  with  the  quality  of  the  rennet—from  a  table-spoonful  to  half  a 
pint  for  30  or  40  gallons  of  milk.  The  time  necessary  for  the  complete 
fixing  of  the  curd  varies  also  from  15  minutes  to  an  hour  or  even  an  hour 
and  a  half.  The  chief  causes  of  this  variation  are  the  temperature  of  the 
milk,  and  the  quality  and  quantity  of  the  rennet  employed. 

But  how  does  the  rennet  act  in  causing  this  coagulation?  Before 
we  can  answer  this  question  it  is  necessary  to  enquire  what  rennet 
really  is. 

§  19.  Theory  of  the  action  of  rennet. 

It  has  been  stated,  and  hitherto  almost  generally  received,  that  the  only 
effective  substance  contained  in  rennet  is  the  gastric  juice  derived  from 
the  stomach  of  the  calf.    To  this  persuasion  is,  no  doubt,  to  be  ascribed 

*  A  t«bIe>ipoonful  of  this  ranoet,  acoording  to  Mr.  Alton,  will  coafroUUe  30  gallons  of  milk, 
and  will  curdle  Ic  in  five  or  ten  minutes,  wliereaa  the  English  rennet  requiri^s  rrom  one  to 
three  hoon.  This  superiority  he  ascribes  to  the  castom  of  leaTfaig  the  euMled  milk  In  tll« 
mtauutL   HedsidflsalfloihattiasiaUkclTssMsyhaoblMiftlDthechsea^. 
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the  ciiatmn  both  of  pvawrriiig  the  niciml  oootsnts  of  tho 
of  generally  tfaiowin;  away  the  bag  after  being  once  faked,  dried,  and 
extracted.  The  game  juice  which  exudes  from  the  interior  snr&ce  of 
the  stomachs  of  all  animals  is  known  to  cuidle  milk  readily,  and,  tfaeie- 
fore,  it  was  natural  to  ascribe  the  action  of  rennet  to  the  presence  of  diis 
substance,  and  to  infer  that,  being  once  extracted,  ii  was  in  Tain  to  ex- 
pect much  advantage  from  salting  and  infiuing  the  membrane  a  second 
time.    Bue  the  three  facts— 

a.  That  in  most  ptaoes  it  is  customary  to  wash  the  interior  of  the 
stomach  before  salting  it,  and  thus  to  remove  die  greater  part  of  die  gas- 
tric juice  it  may  contain ; 

h.  That  besides,  in  many  places,  the  haga  are  laid  up  in  brine  for 
weeks  and  months,  and  are  then  drained  out  of  this  brine  beibte  they  are 
dried— by  which  any  gastric  juice  remaining  must  be  almost  entirefy  re- 
moved,—and 

c.  That  after  being  dried  and  steeped  once  for  the  preparation  of  ren- 
net, experience  has  proved  that  they  may  again  be  sakea  and  used  over 
again; 

—these  diree  foets,  I  think,  shew  that  ike  e/kaey  of  remtet  does  not  de- 
pend uftm  any  thmg  oHgmaUjf  eoiUmned  in  Ike  Btomack^  hui  ttpon 
something  derived  frmn  Ike  eubeianee  of  the  etomaek  Uedf, 

Now  when  oonndering  the  properties  of  milk-sugar  and  of  lactic  acid, 
I  have  stated  that  if  a  {Mece  of  the  fresh  membrane  of  the  stomach  or  in- 
testine, or  even  of  the  bladder  of  an  animal,  be  exposed  to  the  air  for  a 
few  days,  and  be  then  immersed  into  a  solution  of  milk-sugar,  it  will 
gradually  transform  the  sugar  into  lactic  acid.  In  milk  this  membrane 
would  produce  a  similar  emct,  aiding  and  hastening  the  natural  souring 
and  curdling  eftect  of  the  casein.  By  exposure  to  Uie  air,  the  surface  of 
•the  membrane  has  undergone  such  a  degree  of  change  or  decomposition, 
as  enables  it  to  induce  the  elements  of  the  sugar  to  alter  their  mutual 
arrangement,  and  to  unite  together  in  suoh  a  way  as  lo  form  lactic  add. 

If  the  moist  membrane  be  exposed  for  a  longer  time  to  the  air  this 
change  of  its  surface  will  penetrate  deeper,  and  it  will  become  more  ef- 
fective in  inducing  the  transformation  of  the  sugar  into  lactic  acid.  But, 
at  the  same  time,  a  portion  of  its  surface  may  run  into  a  state  of  putre- 
faction, and  besides  acquiring  a  disagreeable  odour  may  become  capable 
also  of  bringing  on  fermentation  and  putrefactive  decay  in  the  solutions 
upon  t^aoh  it  may  be  made  to  aot.  It  is  not  expedient,  therefore,  to  at- 
tempt to  heighten  the  transforming  ef!eot  of  animal  membranes  by 
exposing  them  for  a  greater  length  or  tinae  to  the  air  in  a  moist  and  fresh 
state. 

But  if  the  membrane  be  salted,  and  thus  preserved  from  the  rapid 
action  of  the  air,  it  will  be  protected  from  putrefoction  in  a  great  degree, 
while,  at  the  same  time,  it  will  nnder|;o  that  |[radual  chan^  upon  its 
surface  to  which  its  power  of  transfocmmg  solutions  of  sugar  is  ascribed. 
And  this  change  will  be  materially  hastened  and  increased  and  made  to 
penetrate  deeper,  if  the  saked  membrane  be  subsequentiy  dried  slowly 
in  the  air  by  a  gcnde  heat,  and  be  aflerwards  kept  for  a  length  of  time 
where  the  air  has  more  or  less  ready  access  to  it.  Such  is  the  mode  of 
treatment  to  which  the  calf's  stomach  is  subjected  for  the  preparation  of 
rennet,  and  it  is  an  impcKtaot  peaotical  observation  that  the  jnembnae 
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ahoald  be  kept  at  least  12  months,  if  it  is  to  acquire  very  powerful 
coagulating  properties. 

It  is  necessary  further  to  remind  yon  that  when  malt  is  steeped  in 
water  for  a  few  minutes,  a  substance,  named  diastase,  is  extracted  from 
it,  which  possesses  the  remarkable  property  of  changing  starch  into 
sugar  in  a  very  short  time,  and  in  large  quantity  (p.  119).  Now  if  this 
diastase  be  exposed  to  the  air  for  a  length  of  time,  it  undergoes  a  change 
similar  to  that  experienced  by  the  surface  of  animal  membranes,  and 
acquires  the  property  of  transforming  sugar  into  lactic  acid.  After  un- 
dergoing this  change  it  still  dissolves  readily  in  water,  and  if  a  solution 
of  it  be  poured  into  one  of  sugar,  the  transformation  of  the  latter  into  lactic 
acid  gradually  proceeds.  There  exist,  therefore,  substances  soluble  in 
water,  which  possess  tlie  same  power  as  slightly  decayed  but  insoluble 
animai  membrane,  of  converting  suear  into  lacuc  acid. 

Dunng  the  protracted  drying  and  decay  of  the  salted  stomach,  the 
change  undergone  at  length  by  the  surface  of  the  membrane  is  such  as  to 
produce  a  ({uantity  of  matter  capable  of  dissolving  in  toaler,  and  which 
also  possesses  the  property  of  quickly  converting  the  sugar  into  the  acid 
of  milk.  This  matter,  water  extracts  from  the  dried  skio,  and  it  forms 
the  active  ingredient  in  rennet. 

I  need  not  further  explain  to  you  upon  what  this  activity  depends— 
since  as  you  already  know  any  thing  which  will  rapidly  cnange  sugar 
into  lactic  acid,  will  also,  if  gently  warmed,  rapidly  curdle  milk  (p. 
667). 

Thus  the  action  of  rennet  resolves  itself  simply  into  a  curdling  of  milk 
by  the  action  of  its  own  acid.  It  is  the  same  tning  as  when  sour  milk 
in  Switzerland  is  at  once  mixed  with  that  from  which  the  cheese  is  to  be 
made ;  or  it  is  only  a  more  speedy  way  of  bringing  about  the  curdling 
that  rakes  place  when  milk  sours  naturally  and  is  then  gently  warmed 
till  the  curd  separates. 

But  how,  it  may  be  asked,  is  the  coagulation  effected  so  much  more 
rapidly  by  the  action  of  rennet  than  when  the  milk  is  left  to  sour  of  its 
own  accord  ?  It  is  because  the  whole  of  the  animal  matter  in  llie  reunct 
is  already  in  the  state  in  which  it  easily  transforms  the  sugar  into  acid, 
and  being  intimately  mixed  with  the  whole  milk  in  a  warm  state,  it  pro- 
duces acid  near  every  particle  of  the  cheesy  matter.  From  this 
cheesy  matter  the  acid  formed  takes  away  the  soda  that  holds  it  in  solu- 
tion, and  thus  renders  it  insoluble  or  curdles  the  milk.  In  milk,  on  the 
ather  hand,  which  is  left  to  sour  and  curdle  of  itself,  the  casein  must  first 
be  changed  by  the  action  of  tlie  air  before  it  can  transform  the  sugar  and 
produce  acid.  This  change  takes  place  more  or  less  slowly,  and  chiefly 
at  the  surface  of  the  milk  where  it  is  in  contact  with  the  air.  The  sour- 
ing, therefore,  must  also  proceed  slowly,  and  the  curdling  of  which  it  is 
the  cause. 

It  is  no  objection  to  this  explanation  of  the  action  of  rennet,  that  neither 
the  milk  nor  the  whey  become  sensibly  sour  during  the  separation  of  the 
curd.  The  acid,  as  it  is  produced,  combines  directly  with  the  soda  pre- 
viously united  to  the  cuitl,  and  renders  the  latter  insoluble — while,  if 
any  excess  of  acid  do  happen  to  be  formed,  it  is  in  great  part  taken  up 
and  retained  mechanically  by  the  curd,  and  thus  is  not  afterwards  sen- 
sibly perceived  in  the  whey« 
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Uswg  the  •anu  $kin  a  second  tfme.*-If  this  then  be  a  true  explanatina 
of  the  action  of  rennet— if  the  coagulating  ingredient  in  it  be  merely  a 
portion  of  the  changed  membrane  of  the  stomach  itself— it  is  obvious  diat 
the  bag,  after  being  once  used,  may  be  again  salted  and  dried  with  ad- 
vantage. The  slow  decay  may,  after  a  second  salting,  become  still 
slower,  and  thus  it  may  require  to  be  longer  kept  after  Die  second  than 
after  the  first  s«dting,  before  it  will  give  a  rennet  as  powerful  as  that 
which  was  first  extracted  from  it.  But  unless  it  be  merely  the  inner 
membrane  of  the  stomach  and  intestines  which  is  capable  of  undergoing 
that  kind  of  change  upon  which  the  cooguladns  power  depends,  there  is 
no  apparent  reason,  as  I  have  already  staged  to  you,  why  the  same 
maw-  skin  may  not  be  salted,  dried,  and  steejjcd  many  times  over. 

Use  (>/*ti^6y.— Again,  in  the  making  of  rennet  there  seems  some  pro- 
priety in  the  use  of  whey  rather  than  of  water.  The  wliey  may^main 
a  portion  of  the  rennet  which  had  been  added  to  the  milk  from  which 
it  was  extracted,  and  may  thus  be  able  of  itself  to  curdle  milk.  It  is 
sure  also  to  contain  some  milk-sugar,  which,  being  changed  into  acid 
wlien  the  whey  is  ]X)ured  upon  the  dried  stomach,  will  add  to  the  cos;;- 
ulatini;  power  of  the  rennet  obtainetl. 

Use  of  the  curdled  milk  contained  in  the  stomach. — Doos  the  view  we 
have  taken  of  the  action  of  rennet  throw  any  light  upon  the  use  of  the 
curdled  milk  found  in  the  stomach?  Is  it  of  any  service,  or  ought  It  to 
be  rejected? 

We  are  certain  that  it  must  be  of  service  in  coagulating  mUk,  since  in 
Cheshire,  accordiug  to  Dr.  Holland,  it  is  frequently  taken  out  and  salted 
by  itself  for  immediate  use.  But  a  slight  consideration  of  the  properties 
of  casein,  as  I  have  already  stated  them  to  you  (p.  562),  will  explain 
why  this  curdy  matter  should  be  serviceable  for  such  a  purpose. 

You  will  recollect  that  casein,  after  being  exposed  to  the  air  for  a  short 
time,  acquires,  like  animal  membranes,  the  property  of  converting  sugar 
into  lactic  acid  (p.  662),  and  of  curdling  milk.  Now  the  curdy  matter 
taken  from  the  stomach  of  the  calf,  after  being  exposed  to  the  air,  ac- 
quires this  property  as  completely  as  a  more  pure  curd  will  do.  If  salted 
and  kept,  it  wUl  be  changed  still  further,  and  will  acquire  this  property 
in  a  greater  degree.  In  short,  keeping  will  affect  the  curd  precisely  in 
the  same  way  as  it  does  the  membrane  of  the  stomach  itself,  and  will 
render  it  alike  fit  to  be  employed  in  the  preparation  of  rennet.  Nor  is 
it  unlikely  that  fresh  well-squeezed  curd,  if  mixed  with  much  salt  and 
kept  in  shghtly  covered  jars  for  10  or  12  months,  might  yield  a  rennet 
possessed  of  good  coaguladng  properties. 

It  thus  appears  that,  so  far  as  economy  is  concerned,  the  curdy  matter 
contained  in  the  calfs  stomach  ought  to  l)e  preserved  and  salted  for  use. 
If  in  any  district  this  curd  be  suspected  to  impart  an  unpleasant  flavour 
to  the  cheese,  this  bad  effect  may  probably  be  remedied  by  taking  it  out 
uf  the  stomach,  washing  it  well  with  water — as  is  done  in  some  dairy- 
districts — mixing  it  wth  salt,  and  then  reluming  it  into  the  stomach 
again. 

Another  practical  conclusion  may  also  he  drawn  from  this  explanation 
of  the  acrion  of  the  stomach.  Since  it  is  the  membrane  alone  that  acts, 
there  can  no  loss  accrue  by  carefully  washing  the  stomach  as  well  as 
the  curd  it  contains.    On  the  contrary,  by  so  doing  we  may  remove 
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horn  its  inner  surface  some  substances  which,  if  allowed  to  lemaiii,  might 
afterwards  act  injuriously  upon  the  flavour  or  upon  the  other  qualities  of 
the  cheese. 

§  20.  Of  the  circttnutances  by  which  the  quality  of  cheese  U  affected* 

All  cheese  consists  essentially  of  the  curd  mixed  with  a  certain  por- 
tion of  the  fatty  matter  and  of  the  stigar  of  milk.  But  differences  in  the 
quality  of  the  milk,  in  the  proportions  in  which  the  several  constituents 
of  milk  are  mixed  together,  or  in  the  general  mode  of  dairy  manage- 
ment, give  rise  to  varieties  of  cheese  almost  without  number.  Nearly 
every  dairy  district  pnxiuces  one  or  more  qualities  of  cheese  peculiar  to 
itself.  It  will  not  be  without  interest  to  attend  briefly  to  some  of  these 
causes  of  diversity. 

1°.  Natural  differences  in  the  milk,^^\t  is  obvious  that  whatever  gives 
rise  to  natural  differences  in  the  quality  of  the  milk  must  affect  also  that 
of  the  cheese  prepared  from  iL  If  the  milk  be  poor  in  butter,  so  must 
the  cheese  be.  If  tlie  pasture  be  such  as  to  give  a  milk  rich  in  cream, 
the  cheese  will  partake  of  the  same  quality.  If  the  herbage  or  other  food 
affect  the  taste  of  the  milk  or  cream,  it  will  also  modify  the  flavour  of  the 
cheese. 

2^.  Milk  of  different  ani/nal*.— So  the  milk  of  different  animals 
will  give  cheese  of  unlike  qualities.  The  e we-railk  cheeses  of  Tuscany, 
Naples,  and  Languedoc,  and  those  of  ^oat*s  milk  made  on  Mont  Dor 
and  elsewhere,  are  celebrated  for  qualities  which  are  not  possessed  by 
cheeses  prepared  from  cow*s  milk  in  a  similar  way.  Buffalo  milk  also 
gives  a  cheese  of  peculiar  qualities,  which  is  manufactured  in  some  parts 
of  the  Neapolitan  territory. 

Other  kinds  of  cheese  agam  are  made  from  mixtures  of  the  milk  of  dif- 
ferent animals.  Thus  the  strong  tasted  cheese  of  Lecca  and  the  cele- 
brated Roquefort  cheese  are  prepared  from  mixtures  of  goat  with  ewe- 
milk,  and  the  cheese  of  Mont  Cenis*  from  both  of  these  mixed  with  tlie 
milk  of  the  cow.f 

3**.  (yearned  or  uncreamed  milk — Still  further  differences  are  pro- 
dnced  according  to  the  proportion  of  croam  which  is  left  in  or  is  added  to 
the  milk.  Thus  if  cream  only  be  employed,  we  have  the  rich  cream- 
cheese  which  must  be  eaten  in  a  comparatively  recent  state.  Or,  if  the 
cream  of  the  previous  night's  milking  be  added  to  the  new  milk  of  the 
morning,  we  may  have  such  cheese  as  the  Stilt&n  of  England,  or  the 
small,  soft,  and  nch  Brie  cheeses,  so  much  esteemed  in  France.  If  the 
entire  milk  only  be  used,  we  have  such  cheeses  as  the  Cheshire^  the 
Double  Gloucester,  the  Cheddar,  the  Wiltshire,  and  the  Dunlop  cheeses 
of  Britain,  the  Kinne^ad  cheese,  I  believe,  of  Ireland,  and  the  Goudaand 
£dam  cheeses  of  Holland.  Even  here,  however,  it  makes  a  difference 
whether  the  warm  milk  from  the  cow  is  curdled  alone,  as  at  Gouda  and 
Edam,  or  whether  it  is  mixed  with  the  milk  of  the  evening  before,  as  is 
generailly  done  in  Cheshire  and  Ayrshire.  Many  persons  are  of  opin- 
ion that  cream,  which  has  once  been  separated,  can  never  be  so  well 

'  L«eeft  h  a  provlnea  fn  the  Eaatein  part  of  the  NoepoIKeii  territory :  Roquefbrt,  a  town 
in  the jMfltoTAl  deperimcnt  of  Aveiroa,  in  the  Booth  of  France,  (amed  for  ita  abeepj  aod 
Mont  Cenia,  a  mooDlain  in  SaTojr. 

t  The  milk  of  8  goata  ia  miied  wUh  that  of  20  sheep  and  5  cows.       f^  r^r\n]r> 
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muied  again  with  the  milk,  that  a  portion  of  the  fatty  matter  ahall  not 
Aow  out  with  the  whey  ami  render  tlie  cheese  less  rich. 

If,  again,  the  cream  of  the  evening*s  milk  be  removed,  and  the  skim- 
med muk  added  to  the  new  milk  of  the  next  morning,  such  cheeses  as 
the  Single  Gloucester  are  obtained.  If  the  cream  be  taken  once  from 
(dl  the  milk,  the  better  kind;)  of  skimmed-milk  ciieese,  such  as  the  Dutch 
cheese  of  Leyden,  are  prepared — while  if  the  milk  be  twice  skimmed, 
we  have  the  poorer  chee%«es  of  Fricsland  and  Groningen.  If  skimmed 
for  three  or  four  days  in  succession,  we  get  tlie  hard  and  horny  cheeses 
of  Essex  and  Sussex,  which  ofu>n  require  the  axe  to  break  them  up. 

4°.  Butur-milk  cJieete. — But  poor  or  butterless  cheese  will  also  difler 
in  Quality  according  to  the  state  of  the  milk  from  which  it  is  extracted. 
If  the  new  milk  be  allowed  to  at^nd  to  throw  up  its  cream,  and  this  be 
then  removed  in  the  usual  way,  tlie  ordinary  skimmed- milk  cheese  will 
be  obtained  by  adding  rennet  to  the  milk,  ^ut  if,  instead  of  skimming, 
we  allow  the  milk  to  stzmd  till  it  begins  to  sour,  and  then  remove  the 
butter  by  churning  the  whole,  we  obtain  the  milk  in  a  sour  state  (buUer- 
milk).  From  this  milk  the  curd  separates  naturally  by  gentle  heating. 
But  being  thus  prepared  from  sour  milk  and  without  the  use  of  renoet, 
butter-milk  cheese  dillers  more  or  less  in  quality  from  that  which  is  made 
from  sweet  skimmed  milk. 

The  acid  in  the  butter- milk,  especially  afler  it  has  stood  a  day  or  two, 
is  capable  of  coagulating  new  milk  also,  and  thus,  by  nuxing  more  or 
less  sweet  milk  with  die  butter-milk  before  it  is  warmed,  several  other 
aualiiies  of  mixed  butter  and  sweet  milk  cheese  may  readily  be  manu- 
factured. 

If,  as  is  stated  by  Mr.  Ballantyne,  tlie  churning  of  tJie  whole  milk 

S'ves  butter  in  larger  quantity,  of  better  quality,  and  more  uniformly 
roughout  the  whole  year  (p.  568),  the  manufacture  of  these  butter-milk 
cheeses  is  deserving  of  the  attenliou  of  dairy  farmers,  especially  in  those 
districts  where  butter  is  considered  as  the  most  important  produce. 

5°.  iVheV'cheese.-^The  whev  which  separates  fn)m  the  curd,  and 
especially  tae  white  whey,  which  is  pressed  out  towards  the  last,  contains 
a  portion  of  curd,  and  not  unfrequently  a  considerable  quantity  of  butter 
also.  When  the  whey  is  heated,  the  curd  and  butler  rise  to  the  surface, 
and  are  readily  skimmed  off.  This  curd  alone  will  often  yield  a  cheese 
of  excellent  quality,  and  so  rich  in  butter,  that  a  very  good  imitation  of 
Stilton  cheeee  may  sometimes  be  made  with  alternate  layers  of  new 
milk-curd  and  this  curd  of  whey. 

G°.  Mixtures  of  vegetable  substances  with  the  milk. — New  varieties 
of  cheese  are  formed  by  mixing  vegetable  substances  with  the  curd.  A 
green  decoction  of  two  parts  of  sage-leaves,  one  of  marigold,  and  a  little 
parsley,  gives  its  colour  to  the  green  cheese  of  Wiltshire ;  some  even  mix 
Ujp  the  entire  leaves  with  the  cuxyI.  The  celebrated  Schabzieger  cheese 
of  Switzerland  is  made  by  cmshing  the  skim-milk  cheese  afler  it  is  se- 
veral months  old  to  tine  powder  in  a  mill,  mixing  it  then  with  one-tenth 
of  its  weight  of  fine  salt  and  one-twentieth  of  tlie  powdered  leaves  of  the 
mellilot  trefoil  (trifolium  mdilotus  cerulea),  and  afterwards  with  oil  or 
butter — ^working  tlie  whole  into  a  paste,  which  is  pressed  and  carefully 
dried. 

Potato  cheeses,  as  they  are  called,  are  made  in  various  ways.     One 
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poood  of  aour  milk  is  mixed  with  five  pounds  of  boiled  potatoes  and  a 
Uctle  salt,  and  the  whote  is  beat  into  a  pulp,  which,  afler  standing  ttve  or 
six  days,  is  worked  up  again,  and  then  dried  in  the  usual  way.  Others 
mix  three  parts  of  dried  boiled  potatoes  with  two  of  fresh  cni^,  or  equal 
weiffhts,  or  more  curd  than  potato  according  to  the  quality  required. 
Such  cheeses  are  made  in  Thuringia,  in  Sa^conv,  and  in  other  parts  of 
Germany.  In  Savoy,  an  excellent  cheese  is  made  by  mixing  one  of  the 
pulp  of  potatoes  with  three  of  ewe  milk  curd,  and  in  Westphalia  a  po- 
tato cheese  is  made  with  skimmed  milk.  This  Westphalian  cheese, 
while  in  the  pasty  state,  is  allowed  to  undergo  a  certain  extent  of  fer- 
mentation before  it  is  finally  worked  up  with  butter  and  salt,  made  into 
shapes  and  dried.  The  extent  to  which  tliis fermentation  is  permitted  to 
go  determines  the  flavour  of  the  cheese. 

§  21.  Circufnstances  under  which  dieese  of  different  qualities  may  he 
obtained  from  the  same  milk. 

But  from  the  same  milk,  in  the  same  state,  difierent  kinds  or  qualities 
of  cheese  may  be  prepared  according  to  the  way  in  which  the  nulk  or 
the  curd  is  treated.  Let  us  consider  also  a  few  of  the  circumstancee  by 
wliich  this  result  may  be  brought  about. 

1^.  TempcreUure  to  which  the  milk  is  heaied.^^The  temperature  of  new 
or  entire  milk,  when  the  rennet  isadded,  should  be  raised  to  about  95^  F. 
-^hat  of  skimmed  milk  need  not  be  quite  so  high.  If  the  milk  be 
warmer  the  curd  is  hard  and  tough,  if  colder,  it  is  soft  and  difficult  to  ob- 
tain free  from  the  whey.  When  the  former  happens  to  be  the  case,  a 
portion  of  the  first  whey  that  separates  may  be  taken  out  into  another 
vessel,  allowed  to  cool,  and  then  poured  in  again.  If  it  prove  to  hav» 
been  too  cold,  hot  milk  or  water  may  be  added  to  it— or  a  vessel  contain- 
ing hot  water  may  be  put  iuto  it  before  the  curdling  commences— or  tlie 
first  portion  of  whey  that  separates  may  be  heat^  and  poured  again 
upon  the  curd.  The  quality  of  the  cheese,  however,  will  always  be 
more  or  less  affected  when  it  happens  to  be  necessary  to  adopt  any  of 
these  remedies.  To  make  the  best.cbeese,  the  true  temperature  should 
always  be  attained  as  nearly  as  possible,  before  the  rennet  is  added. 

2^.  Mode  in  which  the  mUk  is  toarmed. — If,  as  is  the  case  in  some 
dairies,  the  milk  be  warmed  in  an  iron  pot  upon  the  naked  fire,  great  care 
must  be  taken  tliat  it  is  not  singed  or  fire-fanged*  A  very  slight  inat- 
tention may  cause  this  to  he  the  case,  and  the  taste  of  the  cheese  is  sure 
to  be  more  or  less  alfected  by  it.  In  Cheshire  the  milk  is. put  into  a  large 
tin  pail,  which  is  plunged  into  a  boiler  of  hot  water,  and  frequently  stir- 
red till  it  is  raised  to  the  proper  temperature.  In  large  dairy  establish- 
ments, however,  the  safest  method  is  to  have  a  pot  with  a  double  bottom, 
consisting  of  one  pot  within  another— after  the  manner  of  a  glu»-pot— ^e 
space  between  the  two  being  filled  with  water.  The  fire  applied  be- 
neath thus  acts  only  upon  the  water,  and  can  never,  by  any  ordinfuy 
neglect,  do  injury  to  the  milk.  It  is  desirable  in  this  heating,  not  to  raise 
the  temperature  higher  than  is  necessary,  as  a  great  heat  is  apt  to  give 
an  oiliness  to  the  fatty  matter  of  the  milk. 

3°.  The  time  during  which  the  curd  stands  is  also  of  importance.  It 
should  be  broken  up  as  soon  as  the  milk  is  fuUy  coagulated.  The  longer 
it  stands  after  this  the  harder  and  tougher  it  will  iM^ome. 
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4^.  The  pudiiw  ofOie  renxC  b  of  much  importance  not  only  in  vegod 
to  the  certainty  ot  the  coagulation,  but  also  to  the  flavour  of  the  cheese. 
In  some  paitsof  Cheshire,  as  we  have  seen,  it  is  usual  to  take  a  piece 
of  the  dned  membrane  and  steep  it  overnight  with  a  little  salt  for  the 
•neuiag  morning*8  milk.  It  is  thus  sure  to  be  (resh  and  sweet  if  the 
dried  maw  be  ia  good  preservation.  But  where  it  is  customary  to  steep 
aeveral  skins  at  a  time,  and  to  bottle  the  rennet  for  after-use,  U  is  verjr 
necessary  to  saturate  the  solution  completely  with  salt  and  to  seasou  tt 
with  sptces,  in  order  that  it  may  be  preserved  in  a  sweet  and  wholesome 
state.  In  some  parts  of  Scotland  the  rennet  is  said  to  be  frequently  kept 
in  bottles  till  it  is  almost  putrid,  and  in  this  state  is  still  put  into  the  milk. 
Such  rennet  may  not  only  impart  a  bad  taste  to  the  cheese,  but  is  likely 
also  to  reader  it  more  di moult  to  cure  and  to  bring  on  putrefaction  afler- 
wards  and  a  premature  decay. 

5^.  Ttu  quantity  of  rennet  added  ought  to  be  regulated  as  carefoUy 
as  the  temperature  of  tlie  milk.  Too  much  renders  the  curd  tough ;  too 
little  causes  the  loss  of  much  time,  aod  may  permit  a  larger  portion  of 
the  butter  to  separate  itself  from  the  curd,  it  is  to  be  expected  also  that 
when  rennet  is  used  in  great  excess,  a  portion  of  it  will  remain  in  the 
curd,  and  will  naturally  aflfect  the  kind  and  rapidity  of  the  changes  it 
afterwards  undergoes.  Thus  it  is  said  to  cause  the  cheese  to  heave  or 
awell  out  from  fermentation.  It  is  probable  also  that  it  will  aflect  the 
flavour  which  the  cheese  acquires  by  keeping.  Thus  it  may  be  that  the 
agreeable  or  unpleasant  taste  of  the  cheeses  of  certain  districts  ordairies 
may  be  less  due  to  the  quality  of  die  pastures  or  of  the  milk  itself,  tfaaa 
to  the  quantity  of  rennet  with  which  it  has  there  been  customary  to  co- 
agulate the  milk. 

6^.  The  way  in  which  the  rennet  is  made^  no  less  than  its  state  of  pre- 
aervation  and  the  quantity  employed,  may  also  influence  the  flavour  or 
other  qualities  of  the  cheese.  For  instance,  in  the  manufacture  of  a 
celebrated  French  cheese— that  of  Epoisse— the  rennet  is  prepared  as  fol- 
lows:— ^jFour  fresh  calf-skins,  with  the  curd  they  contain,  are  well 
washed  in  water,  chopped  into  small  pieces,  and  digested  in  a  mixture 
of  5  quarts  of  brandy  with  15  of  water,  adding  at  the  same  time  2^  lbs. 
of  salt,  half  an  ounce  of  black  pepper,  and  a  quarter  of  an  ounce  each 
of  cloves  and  fennel  seeds.  At  the  end  of  six  weeks  the  liquor  is  Altered 
and  preserved  in  well  corked  bottles,  while  the  membrane  is  put  into  salt- 
water to  form  a  new  portion  of  rennet.  For  making  rich  cheeses,  the 
lenuet  should  always  be  filtered  clear.  [H  iatte  e  i  suoi  prodotti,  p.  374.] 

Again,  on  Mont  Dor,  the  rennet  is  made  with  white  wine  and  vinegar. 
An  ounce  of  common  salt  is  dissolved  in  a  mixture  of  half  a  pint  of 
Tinegar  with  2|  pints  of  white  wine,  and  in  this  solution  a  prepared 
]|QBt*s  stomach  or  a  piece  of  dried  pig's  bladder  is  steeped  for  a  length  of 
tane.  A  single  spoonful  of  this  rennet  is  said  to  be  suflicient  for  45  or 
M  quarts  of  milk.  No  doubt  the  acid  of  the  vinegar  aod  of  the  wine  aid 
the  ooagplating  power  derived  from  the  membrane. 

Rennets  prepared  in  the  above  ways  must  affect  the  flavour  of  the 
cheese  differently  from  such  as  are  obtamed  by  the  several  more  or  less 
oareful  methods  usually  adopted  in  this  country. 
^  7®.   When  acids  are  used  alone-^na  vinegar,  tartaric  acid,  and  muria- 
tic acid  sometiiiMs  are-^br  coagulating  toe  milk,  the  flavour  of  tlM 
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ebewe  can  scaxedy  fail  to  be  in  some  measore  diffisrait  flom  Ifaat  whicfa 
is  prepared  with  ordinary  rennet. 

8^.  The  way  in  rohick  the  curd  is  treated,^lt  is  nsual  in  our  best 
cheese  districts  carefully  and  slowl v  to  separate  the  cnrd  from  the  whey— « 
nm  to  hasten  the  separation,  lest  a  larger  portion  of  the  fatty  matter  should 
be  squeezed  ont  o(  the  curd  and  the  cheese  should  thus  be  rendezed  poorer 
than  usual.  But  in  some  places  the  practice  prevails  of  washing  the 
curd  wkh  hot  water  afler  the  whey  has  been  partially  separated  from  it. 

Thus  at  Gouda  in  Holland,  after  the  greater  part  of  the  whey  has  been 
gradually  removed,  a  quanti^  of  hot  water  is  added,  and  allowed  to  re- 
main upon  it  for  at  least  a  quarter  of  an  hour.  The  heat  makes  the 
cheese  more  solid  and  causes  it  to  keep  better. 

In  Italy,  again,  the  so-called  pear-shaped  cacdo-eavaUo  cheeses  and 
the  louxid  peMoM  cheeses  of  Gravina,  m  the  Neapolitan  territory,  axe 
made  from  curd,  which,  after  being  scalded  with  boiling  whey,  is  cut  into 
slices,  kneaded  in  boiling  water,  worked  with  the  hand  till  it  is  peiiecdy 
tenacious  and  elastic,  and  tlien  made  into  shapes.  The  water  in  which 
the  cnrd  is  washed,  after  standing  24  hours,  throws  up  much  oily  mat- 
ter, which  is  skimmed  off  and  made  into  butter. 

The  varieties  of  cheese  prepared  by  these  methods  no  doubt  derive  the 
peculiar  characters  upon  which  their  reputation  depends  from  the  treat- 
ment to  which  the  curd  is  subjected— but  it  is  obvious  that  none  of  them 
can  be  so  rich  as  a  cheese  from  the  same  milk  would  be,  if  manufactured 
in  a  Cheshirei  a  Wiltshire,  or  an  Ayrshire  dairy. 

9^.  Tke  separatum  of  the  xehey  is  a  part  of  the  process  upon  which  the 
quality  of  the  cheese  m  a  considerable  degree  depends.  In  Cheshira 
more  time  and  attention  is  devoted  to  the  perfect  extracdon  of  the  whey 
than  in  almost  any  other  district.  Indeed,  when  it  b  considered  that  the 
whey  contains  sugar  and  lactic  acid,  which  may  undergo  decomposition, 
and  a  quantity  of  rennet  which  may  bring  on  fermentation-^by  both  of 
which  processes  the  flavour  of  the  cheeses  must  be  considerably  aflected 
— 4t  will  appear  of  great  importance  iliat  the  whey  should  be  as  com- 
pletely removed  from  the  curd  as  it  can  possibly  be.  To  aid  in  effecting 
this  a  curd-mill,  for  choppu^  it  fine  after  the  whey  is  strained  oif,  is  in 
use  in  many  of  the  large  Rnglish  dairies,  and  a  very  ingeni<ms,  and  I 
believe  effectual,  pneumadc  cheese-press  for  sucking  out  uie  whey  was 
invented  by  the  late  Sir  John  Robinson,  of  Edinburgh.  [Transactions 
and  Prize  Essays  of  the  Highland  Society,  vol.  x.,  p.  204.] 

But  the  vtay  in  which  the  whey  is  separated  is  not  a  matter  of  indif- 
ference, and  has  much  influence  upon  the  quality  of  the  cheese.  Thus 
in  Norfolk,  according  to  Marshall,  when  the  curd  is  &irly  set,  the  dairy- 
maid bares  her  arm^  plunges  it  into  the  curd,  and  with  the  help  of  her 
wooden  ladle  breaks  up  nunutely  and  intimately  mixes  the  curd  with  the 
whey.  This  she  does  for  10  or  15  minutes,  after  which  the  curd  is  al- 
lowed to  subside,  and  the  whey  is  drawn  ofT.  By  this  agitation 
the  whey  must  carry  olT  more  of  the  butter  and  the  cheese  must  be 
poorer. 

In  Cheshire  and  Ayrshire,  again,  the  curd  is  cut  with  a  knife,  but  is 
fently  used  and  slowly  pressed  Sll  it  is  dry  enough  to  be  chopped  tine,  and 
Uius  more  of  the  oily  matter  is  retained.  On  the  same  principle,  in  making 
the  Stilton  cheese,  the  cmd  is  not  cut  or  broken  at  all*  but  is  praaifli 
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gently  and  with  care  dli  the  whey  gradually  dnins  ont.  Thus  the  hotter 
and  the  curd  remain  intermixed,  and  the  rich  cheeee  of  Stihcm  is  the  result. 

Thus  ^u  will  see  that  while  it  is  of  importance  that  all  the  whey 
sliould  be  extracted  from  the  curd,  yet  that  the  quickest  way  may  not  be 
the  best.  More  tin^e  and  care  must  he  bestowed  In  order  to  ettect  this 
object,  the  richer  the  cheese  we  wish  to  obtain.  You  will  see,  also,  how 
the  quality  of  the  milk  or  of  the  pastures  may  often  be  blamed  fur  de- 
ficiencies in  the  richness  or  other  qualities  of  our  cheese,  which  are 
in  reality  due  to  slight  but  material  difiecences  in  our  mode  of  manufac- 
turing it. 

10^.  The  kind  of  salt  used  is  considered  by  many  to  have  some  effect 
upon  the  taste  of  the  cheese.  Thus  the  cheese  of  Gerom6,  in  the  Vos- 
ges,  is  supposed  to  derive  a  {tecutiar  taste  from  the  Lorena  salt  with 
which  it  is  cured.  In  Holland,  also,  tlie  efficacy  of  one  kind  of  salt 
over  another  for  the  curing  of  cheese  is  generally  acknowledged,  [British 
Husbanilry,  ii.,  p.  424.]  It  is  indeed  not  unlikely  that  the  more  or  less 
impure  salts  of  difllerent  localities  may  affect  the  flavour  of  tJie  cheese, 
but  wherever  the  salt  may  be  manufactured,  it  is  easy  to  obtain  it  in  a 
uniform  and  tolerably  pure  state,  by  the  simple  process  of  purificatioo, 
which  I  have  already  described  to  you  (p.  565.^ 

11^.  The  mode  in  which  the  salt  is  applied.^^ln  making  the  large 
Cheshire  cheeses  the  dried  curd,  for  a  single  cheese  of  60  lbs.,  is  broken 
down  fine  and  divided  into  three  equal  portions.  One  of  these  is 
mingled  with  donble  the  quantity  of  salt  added  to  the  others,  and  this 
is  so  put  into  the  cheese- vat  as  to  form  the  central  part  of  the  cheese. 
By  this  precaution  the  after-salting  on  the  surfiice  is  sure  to  penetrate 
deep  enough  to  cure  eflTectually  the  less  salted  parts.  In  the  counties  of 
Gloucester  and  Somerset  the  curd  is  pressed  witliout  salt,  and  the  cheese, 
when  formed,  is  made  to  absorb  the  whole  of  the  salt  afterwards  throu,i[rh 
its  surface.  This  is  found  to  answer  well  witli  the  small  and  thin 
cheeses  mide  in  these  counties,  but  were  it  adopted  for  the  large  cheeses 
of  Cheshire  and  Dunlop,  or  even  for  the  pine-apple  cheeses  of  Wiltshire, 
there  can  be  no  doubt  that  their  quality  would  frequently  be  injured.  It 
may  not  be  impossible  to  cause  salt  to  penetrate  into  the  very  heart  of  a 
large  cheese,  but  it  cannot  be  easy  in  this  way  to  salt  the  whole  cheese 
equally,  while  the  care  and  attention  required  must  be  greatly  increased. 

12^.  Addition  of  cream  or  butler  to  the  <wr<£.*- Another  mode  of  im- 
proving the  quality  of  cheese  is  by  the  addition  of  cream  or  butter  to  the 
dried  and  crumbled  card.  Much  diligence,  however,  is  required  fully 
to  incorporate  these,  so  that  the  cheese  may  be  uniform  throughout.  Still 
this  practice  gives  a  peculiar  character  to  the  cheeses  of  certain  districts. 
In  Italy  they  mdke  a  cheese  after  the  manner  of  tk^nglish,  [II  latte  e  i 
suoi  prodottf,  p.  277],  into  which  a  considerable  quantity  of  butter  is 
worked ;  and  the  Recke/n  cheese  of  Belgium  is  made  by  adding  half  an 
ounce  of  butter  and  the  yoke  of  an  egg  to  every  pound  of  pressed  coid. 

13^.  The  colouring  matter  added  to  die  cheese  is  thought  by  many  to 
affect  its  quality.  In  foreign  countries  saffron  is  very  generally  used  to 
give  a  colour  to  the  milk  befiyre  it  is  coagulated.  In  Holland  and  in 
Cheshire  annalto  is  most  commonly  employed,  while  in  other  dis- 
tricu  the  marigold  or  the  carrot,  boiled  in  milk,  are  the  usual  colouring 
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'  The  quantity  of  annatto  employed  is  comparatiTely  small^eas  than 
half  an  oance  to  a  cheese  of  60  lbs.— but  even  this  quantity  is  considerad 
by  many  to  be  an  injurious  admixture.  Hence  a  native  of  Cheshire 
prefers  the  uncoloured  cheese,  the  annatto  being  added  to  such  only  as 
are  intended  for  the  London  or  other  distant  markets. 

14*.  Size  of  the  cheese^-^Vrom  the  same  milk  it  is  obvious  that  cheeses 
of  diflferent  sizes,  if  treated  in  the  same  way,  will  at  the  end  of  a  given 
number  of  months  possess  qualities  in  a  considerable  degree  different. 
Hence,  without  supposing  any  inferiority,  either  in  the  milk  or  in  the  ce- 
neral  mode  of  treatment,  the  size  usually  adopted  for  the  cheeses  or  a 
particular  district  or  dairy,  may  be  the  cause  of  a  recognized  inferiority 
in  some  quality  which  it  is  desirable  that  they  should  possess  in  a  high 
degree. 

15°.  7%«  method  of  curimr  has  very  much  influence  upon  the  afler- 
qualities  of  the  cheese.  The  care  with  which  tliey  are  salted*— the 
warmth  of  the  place  in  which  they  are  kept  during  the  first  two  or  three 
weeks — the  temperature  and  closeness  of  the  cheese-room  in  which  they 
are  afterward:?  preserved — the  frequency  of  turning,  of  cleaning  from 
mould,  and  of  rubbing  with  butter— all  these  circumstances  exercise  a 
remarkable  influence  upon  the  after-qualities  of  the  cheese.  Indeed,  in 
very  many  instances  tlie  high  reputation  of  a  particular  dairy  district  or 
dairy  farm  is  derived  from  some  special  attention  to  one  or  other  or  to  all 
of  tne  apparently  minor  points  to  which  I  have  just,  adverted. 

In  Tuscany,  the  cheeses,  afVer  being  hung  up  for  some  time  at  a  proper  . 
distance  from  the  fire,  are  put  to  ripen  in  an  underground  cool  and  damp 
cellar;  and  the  celebrated  French  cheeses  of  Ro(|uefort  are  supposed  to 
owe  much  of  the  peculiar  estimation  in  which  they  are  held,  to  the  cool 
and  uniform  temperature  of  the  subterranean  caverns  in  which  the 
inhabitants  of  the  villasje  have  long  been  accustomed  to  preserve  them. 

In  R*38shire  it  is  said  to  bo  the  custom  with  some  proprietors  to  bury 
their  cheeses  under  the  sea  san;!  at  low  water,  and  that  the  action  of 
the  sea- water  in  this  situation  renders  them  more  juicy  and  of  an  exquisite 
flavour. 

16*.  A^itmoniacal  cfccMc— The  influence  of  the  mode  of  curing  upon 
the  quality  is  shown  very  strikingly  in  the  small  ammoniacal  cheeses  of 
Brie,  which  are  very  much  esteemed  in  Paris.  They  are  sofl  nnpressed 
cheeses,  which  are  allowed  to  ripen  in  a  room  the  temperature  of  which 
is  kept  between  60**  and  70**  F.  till  they  begin  to  undergo  the  putrefac- 
tive fermentation  and  emit  an  ammoniacal  odour.  They  are  ge- 
nerally unctuous,  and  sometimes  so  small  as  not  to  weigh  more  than  an 
onnce. 

A  little  consideration,  indeed,  will  satisfy  you,  that  by  varymg  the 
mode  of  earing,  and  especially  the  temperature  at  which  they  are  kept, 
you  may  produce  an  almost  endless  diversity  in  the  quality  of  the  cheeses 
you  bring  into  the  market* 

17^.  Inoculating  cheese, — It  is  said  that  a  cheese,  possessed  of  no 
very  striking  taste  of  its  own,  may  be  inoculated  with  any  flavour  we 
approve  of,  by  putting  into  it  with  a  scoop  a  small  portion  of  the  cheese 
which  we  are  desirous  that  it  should  be  made  to  resemble.  Of  course 
this  can  apply  only  to  cheeses  otherwise  of  equal  richness,  for  we  eoold 
•earcely  expect  to  give  a  ainale  Gloucester  the  flavpitf  of  «  StUtom 

^  *  ^  ^  uigmzeu  Dy  >^j  vyvy'i  i\^ 

35  ^ 
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merely  patting  into  it  a  small  portion  of  a  rich  and  esteemed  StUton 


d 

§  22.  Of  the  average  quantity  of  cheese  yielded  by  different  varieties  of 
milk,  and  of  the  produce  of  a  single  cow. 
There  appear  to  be  very  great  differeoces  in  the  proportions  of  cheese 
yielded  by  milk  at  different  seasons  and  in  different  localities* 

In  milk,  of  an  average  quality,  there  are  contained  from  4  to  5  percent, 
of  casein  or  dry  cheesy  matter  (p.  534^,whicb,  if  all  extracted,  would  give— 
6  lbs.  to  7  lbs.  of  skimmed  milk  cheese,  or  )  from  100  lbs.  of 
9  lbs.  to  10  lbs*  of  entire  milk  cheese,  {  milk. 

This  is  very  nearly  the  proportion  actually  obtained  in  some  of  the 
best  dairy  districts  in  Oie  summer  season.     Thus— 

In  Ayrshire — 10  lbs.  of  milk,  or  )  gave  1  lb.  of  whole  milk 
1  im])erial  gallon,  {  cheese ; 

or  136  wine  quarts  gave  127^  lbs.  of  clieese  three  months  old.* 

In  Oloucester^^l  lbs.  of  milk,  or  >  gave  1  lb.  of  double 
3i  wine  quarts,      \         Gloucester  ; 
this  is  a  much  larger  propottion,  and  is  probably' much  above  the  average 
of  the  county. 
In  Holstein,  it  is  said  that  100  lbs.  of  milk  will  give  about— 

New  skimmed  milk  cheese 6  lbs. 

Butter        3J  *' 

Butter-milk 14    " 

Whey 76J" 

100  lbs. 

But  this  statement  is  so  far  indefinite  that  it  alfonis  us  no  means  of 
judging  how  much  curd  is  left  in  the  butter-milk,  nor  how  much  water 
was  present  in  the  new  cheese.  Indeed,  most  of  the  statements  on  reconl 
are  deficient  in  this  respect,  that  the  dryness  of  the  cheese  is  not  accu- 
rately expressed. 

In  Cheshire,  the  average  produce  of  a  cow  is  reckoned  at  360  lbs.  of 
whole  milk  cheese,  or  about  1  lb.  per  day  for  the  whole  year.    Taking 
8  wine  quarts  of  milk  as  the  average  daily  yield  of  a  cow  in  that  county, 
we  have  as  the  average  produce  of  the  milk  the  whole  year  through— 
1  lb.  of  cheese  from  8  wine  quarts,  or  16  lbs.  of  milk. 

It  Lb  indeed  undoubted,  that  the  proportion  of  cheese  varies  very 
much  with  Uie  season  of  the  year  and  with  the  dryness  of  die  weather^ 
Though,  therefore^  in  summer  7  or  6  lbs.  of  milk  may  sometimes  yield 
a  pound  of  cheese,  it  is  possible  that  as  much  as  20  lbs.  of  milk  may  at 
other  s<>asons  be  required  to  give  the  same  quantity.    Thus  in— 

South  Holland,  the  summer  produce  of  a  cow  is  reckoned  at  about  200 
lbs.  of  skimmed  milk  cheese,  and  80  lbs.  of  butter ;  or  in  a  week  10  lbs. 
of  skiiumed  milk  cheese,  and  4  to  7  lbs.  of  butter.  Of  vshole  miik 
cheese  same  expect  as  much  as  ^  or  4  lbs,  a  day> 

*  BAr.  Alexander,  of  Beothbar.  Informs  me  thai  the  result  of  his  experience  with  a  daJTv 
of  40  cows  in  the  higher  part  of  Ayrshire,  near  Muirkirk,  is,  that— 

90  imperial  quarts  of  sweet  milk  crive  an  Ayrshire  stone  of  24  lbs.  of  full  milk  cheese^ 
wfaUe  tlie  same  quandijr  of  skim  milk  gives  only  16  lbs.  of  skimmed  milk  cheese.  That  la 
vsnr  neairlv— 

-?  £^  ®i  "«''  nillk  give  1  lb.  of  ftiU  milk  cheese. 


M  toa.  of  fldcta-aaUcV<ra'l'ib.  of '^tto-nift  ebe^  (aae  p.  0B6> 
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Li  StoUzerland,  generally,  a  cow,  giving  12  quarts  of  milk  a  day  will, 
during  the  sumnier,  yield  a  daily  produce  of  1^  lbs.  of  whole  or  full  milk 
cheese-— K>T  10|  quarts  of  milk,  about  21  lbs.,  will  give  a  pound  of  cheese. 

In  the  hieh  pastures  of  Scaria,  again,  in  tlie  same  country,  one  cow 
will  give  &r  the  90  days  of  summer  about  60  lbs.  of  skimmed-milk 
cheese  and  40  lbs.  of  butter — or  11  ounces  of  cheese  per  day. 

It  ap|>ears,  therefore,  as  we  should  otherwise  expect,  that  the  average 
produce  of  cheese  is  affected  by  many  circumstances— but  that  in  this 
country  8  to  10  lbs.  of  good  milk,  in  the  summer  season,  will  yield  one 
pound  of  whaU  milk  cheese. 

§  23.  Of  the  fermenUd  liquor  from  7nilk,  and  of  milk  vinegar. 

Milk  is  capable  of  undergoing  what  is  called  the  vinous  fermentation, 
and  of  yieldmg  an  intoxicating  liquor.  The  Tartars  prepare  such  a 
liquor  from  mare*s  milk,  to  which  the  name  of  koumiss  is  given.  When 
made  from  cow*s  milk  it  is  called  airen,  and  is  less  esteemed  because 
generally  of  a  weaker  quality.  The  Arabians  and  Turks  prepare  a  si- 
milar liquor,  which  the  former  call  leban,  and  the  latter  yaourt.  In  the 
Orkuey  islands,  an^  in  some  parts  of  the  north  of  Scodand  and  Ireland, 
butter-milk  is  sometimes  kept  till  it  undergoes  the  vinous  fermentation, 
and  acquires  intoxicating  qualities. 

It  is  the  sugar  contained  in  milk  which,  by  the  fermentation,  is  changed 
into  alcohol.  As  mare*s  milk,  like  that  of  the  ass,  contains  more  sugar 
(p.  534)  than  that  of  the  cow,  it  gives  a  stronger  liquor,  and  is  therefore 
naturally  preferred  by  the  Tartars.  By  distillation  ardent  spirits  are  ob- 
tained from  koumiss,  and  when  carefully  made  in  close  vessels,  a  pint  of 
the  liquor  will  yield  half  an  ounce  of  spirit.  The  koumiss  is  prepared  in 
the  following  manner: 

To  the  new  milk,  diluted  with  a  sixth  of  its  bulk  of  water,  a  quantity 
of  rennet,  or  what  is  better,  of  sour  koumiss,  is  added,  and  the  M'hole  is 
covered  up  in  a  warm  place  for  24  hours.  It  is  then  stirred  or  churned 
together  till  the  curd  and  whey  are  intimately  mixed,  and  is  again  lefl 
at  rest  for  24  hours.  At  the  end  of  this  time  it  is  put  into  a  taU  vessel, 
and  agitated  till  it  becomes  perfectly  homogeneous.  It  has  now  an  agree- 
able sounsh  taste,  and  in  a  cool  place  may  be  preserved  for  several 
months  in  close  vessels.  It  is  always  shaken  u  p  before  it  is  dru  nk.  Thi^ 
liquor,  from  the  cheese  and  butter  it  contains,  is  a  nouri^ing  as  well  as 
an  exhilarating  drink,  and  is  not  followed  by  the  usual  bad  efiects  of  in- 
toxicating liquors.  It  is  even  recommended  as  a  wholesome  article  of 
diet  in  cases  of  dyspepsia  or  of  general  debility. 

Milk  vinegar.-^f  the  kounuss  be  kept  in  a  warm  place  the  spirit  dis- 
appears and  vinegar  is  formed.  In  some  parts  of  Italy  a  milk  vinegar 
of  pleasant  quality  is  prepared  by  adding  honey,  sugar,  spirit,  and  a  lit- 
tle yeast  to  the  boiled  whey,  and  setting  the  mixture  aside  to  ferment  in 
a  warm  place.    [II  latte  e  i  suoi  pnSlotti,  pp.  415  and  450.] 

§  24.  Of  the  composition  of  the  saline  constituents  ofntilk 

When  milk  is  boiled  down  to  dryness,  and  the  dry  residue  burned,  a 

small  quantity  of  ash  remains  behind.      The  proportion  which  the 

weight  of  this  ash  bears  to  that  of  the  whole  milk  is  variable— as  the 

qualitiesof  the  milk  itself  are— so  that  1000  lbs.  will  leave  sometimes 
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only  2  11m.,  at  others  as  much  as  7  lbs.  of  ash.  This  ash  consisu  of  a 
mixture  of  commoa  salt  and  chloride  of  potassiam  (p.  188),  with  th« 
1  phosphates  of  lime,  magnesia,  and  irrwi.  The  relative  piopoftiniis  of 
these  several  substances  yielded  by  1000  lbs.  of  the  milk  of  two  dif- 
ferent cows,  were  as  follows  [Haidlen,  Annal.  der  Chem.  und  Phar., 
xiv.,  p.  2731: 

r.  n. 

Phosphate  of  lime 2'31  lbs.  3*44  lbs. 

Phosphate  of  magnesia     .     .     .     0*42    *♦  0-64     ♦* 

Phosphate  of  peroxide  of  iron      .     0-07     **  0*07     ♦» 

Chloride  of  potassium  ....     1*44    ''  1*83    '' 

Chloride  of  sodium 0-24     ••  0*34     ** 

Free  soda 0-42    •*  0-46    " 

4-90     "  6-77     •* 

It  is  probable  that  the  phosphates  and  chlorides  existed  as  such  in  the 
milk  as  it  came  from  the  cow,  the  free  soda  is  believed  to  have  been  in 
combination  with  the  casein,  and  to  have  held  it  in  solunon  in  the  milk. 
You  will  recollect  that  the  explanation  I  have  given  of  the  curdling  of 
milk  is,  that  the  acid  produced  in,  or  added  to,  the  milk,  takes  this  Mda 
from  the  casein,  and  renders  it  insoluble  in  water,  and  that  in  conse- 
quence it  separates  in  the  form  of  curd  (see  p.  566). 

§  25.  Purposes  served  by  milk  in  the  animal  economy. 

Milk  is  the  food  provided  for  the  young  animal,  at  a  period  when  it  ia 
unable  to  seek  food  for  itself.     It  consists,  as  we  have  seen,  of— - 

1°.  The  ecuein  or  cur<£.*-This  being  almost  identical  in  constitution 
with  the  lean  part  or  Jibrin  of  the  muscles  serves  to  promote  the  growth 
of  the  flesh  of  the  animal. 

2<'.  7%e  fat  or  butter^  which  is  mainly  expended  in  supplying  fat  to 
those  parts  of  the  bodv  in  which  fat  is  usually  deposited. 

3°.  The  sugar,  which  is  probably  consumed  by  the  lungs  during  re- 
spiration. 

4^.  The  saline  matter,  from  which  come  the  salts  contained  in  the 
blood,  and  the  earthy  part  of  the  bones  of  young  and  growing  animals 
fed  upon  milk. 

These  several  purposes  served  by  milk  will  come  again  under  oor 
consideration  in  the  following  lecture. 


NOTES. 
1°.  On  the  churning  ofbuUer  in  the  French  chum. 
Mr.  Burnett,  of  Gadgirth,  has  favoured  me  with  the  following  infor- 
mation regarding  the  merits  of  the  French  chura  mentioned  in  page 
655:— 

"  I  sec  you  make  mention,  in  page  655  of  your  Lectures,  of  a  chum 
lately  introduced  by  Mr.  Blacker  from  France.  I  got  one  of  these  from 
Mr.  Blacker  about  two  years  ago,  and  have  proved  its  merits  to  be  very 
great.    I  nse  none  else,  and  have  been  the  means  ef  dsstributittg  it  over 
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dkRrent  pasts  of  England  and  Scotland.  It  is  made  of  tin,  of  a  barzel 
shape,  and  is  placed  in  a  trough  of  water,  heated  or  otherwise,  to  convey 
the  proper  temperature  to  the  cream.  I  have  tried  many  expen- 
ments  to  ascertain  the  proper  temperature  for  churning  cream  in 
this  chum,  and  have  found  that  58°  F.  produces  the  best  quality  of  but- 
ter in  the  shortest  time^-the  time  occupied  being  from  ten  to  twenty 
minutes.  At  60°  it  was  o(len  done  in  five  to  seven  minutes,  and  although 
a  little  soft  at  first,  produced  butter  of  a  good  colour  and  quality— on  no 
occasion  was  it  ever  white.  I  also  tried  56°  F.  It  took  generally  one 
hour,  was  harder,  but  no  better  in  quality  than  that  of  58°. 

"  With  regard  to  the  quantity  of  butter  from  a  given  quantity  of  crdam, 
I  found  that  m  July,  when  the  cows  were  on  good  pasture,  and  occasion- 
ally house-fed  on  clover— 

16  quarts  of  cream  produced    •     12  lbs.    6  oz, 
24      do.         do.  do.  •     16  lbs.  12  oz. 

30      do.        do.  do.  .     20  lbs.    6  oz. 


Or,  70  quarts  produced 49  lbs.  12  oz. 

When  fed  on  cabbage— 

50  quarts  of  cream  produced  •     .    32  lbs. 
Agaii^- 

50  quarts  of  cream  produced  .     •    32  lbs.  4  oz. 
60    do.        do.  do.        .     .    40  lbs. 

Or  the  whole  six  quarts  ofeream  in  July  gave  4  lbs,  of  butler. 

**  On  churning  the  u^Me  milk  in  this  churn,  100  quarts  of  milk  at  60° 
produced  8  lbs.  of  butter  of  excellent  quality  in  one  hour  and  a  hal^— 8 
quarts  of  hot  water  were  put  into  the  chum  according  to  the  old  system. 

♦*  100  quarts  of  milk  from  the  same  cows  at  64°  produced  only  7  lbs. 
of  butter  of  a  sofl  and  inferior  quality,  and  took  two  hours  to  chum,  16 
quarts  of  hot  water  being  put  into  the  churn  on  this  occasion. 

**  The  whole  milk  was  sometimes  churned  in  less  than  one  hour,  but 
from  that  to  one  hour  and  a  half  was  the  general  time  occupied,  whereas 
three  to  four  hours  is  the  time  occupied  in  churning  in  the  comrnon  chum. 

'*  To  ascertain  whether  the  tohole  milk  or  the  cream  produced  the 
sreatest  quantity  of  butter  in  this  chora,  I  took  the  milk  of  five  cows 
(Ayrshire  breed)  for  one  week  in  July  last,  amounting  to  508  quarta— 
the  yield  of  butter  was  36  lbs.  11  oz.  I  then  took  t)ie  same  quantity  of 
milk  from  the  same  cows  for  the  same  period  of  time,  and  let  it  stand  for 
cream— the  butter  produced  was  37  lbs.  4  oz.  The  food  and  other  cir- 
cumstances were  quite  the  same. 

**  To  test  the  quality  of  my  butter,  I  sent  it  last  summer  to  a  show  at 
Ayr,  and  obtained  the'  second  premium  both  for  fresh  and  salt ;  the  heat 
at  which  it  was  churned  was  58^,  and  the  time  not  exceeding  half  an 
hour." 

On  these  observations  of  Mr.  Burnett,  I  must  in  fairness  remark,  that 
•eyeral  other  persons  who  have  used  this  chum,  have  not  reported  by  any 
means  so  favourably  of  its  merits-  Perhaps  they  have  not  known  how 
to  manage  it  so  skilfully. 

2°.  Q^antily  of  milk  and  butter  yielded  by  Ayrshire  cows. 
Mr.  Alexander,  of  Southbar,  has  furnished  me  with  the  following  pro- 
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poitioDs  of  cream  and  butter  yielded  by  his  dairy  of  38  cows,  at  Wefl- 
wood,  in  the  higher  part  of  Ayrshire,  near  Muirkirk,  daring  six  several 
days  in  November  and  December,  1843  : — 

Crsftm  Bottar 

Date.  Ja  imp.  gdla.  la  poundi;. 

November     1  ......  16  431 

"  7 19i  47J 

14 18j  43 

"  21 21J  47 

"  29 18  39 

December     7 19  43| 

In  ail 112^  galls,  i^ave      263^ 

or,  ietfen  quarts  of  cream  in  November  gave  four  pounds  of  buUer. 

The  cream  appears  from  the  table  to  have  become  gradually  less  rich, 
though  the  whole  quantity  did  not  diminish. 

Mr.  Alexander  remarks,  that  **•  the  pronortion  of  cream  varies  in  his 
dairy  from  |th  to  Ath  of  the  bulk  of  the  milk,  and  that  the  Guernsey  or 
Highland,  or  any  olack  or  blaek-fnarked  cow,  gives  more  cream  from  the 
same  quantity  of  milk.**     That  is,  they  give  a  richer  milk. 

This  is  a  curious  physiological  fact,  and  is  probably  related  to  an  ob- 
servation made  in  the  fattening  of  these  races,  that  the  same  quantity  of 
food  goes  further  in  fattening  a  black  or  black-marked  than  a  dun  or  white 
beast.  I  do  not  suppose  that  any  thing  of  this  kind  has  been  observed  in  the 
Durham  breed— as  white  animals,  of  pure  blood,  are  often  great  favour- 
ites with  the  breeders  of  Tees* Water  stock. 

3^.  Profit  of  making  buUer  and  cheese  compared  toitk  thai  of 
selling  the  milk. 
For  the  following  particulars  I  am  also  indebted  to  Mr.  Alexander. 
The  produce  of  cheese  and  butter  is  the  average  of  iiis  experience  at 
Wellwood,  in  Ayrsliine. 

There  are  three  ways  in  which  the  milk  is  usually  disposed  of.  It  is 
■old  in  the  state  of  new  milk,  or  it  is  made  into  full  milk  cheese,  and  the 
whey  pven  to  pigs— or  it  hi  made  into  butter,  and  the  skim-milk  sold,  or 
made  into  cheese,  or  given  to  pigs.  The  profit  of  each  of  these  three 
methods,  at  the  Ayrshire  prices,  is  as  follows  approrimaidy  :— - 

s.  d. 
a.*-90  quarts  of  new  milk,  at  2d.  a  quart,  are  sold  fi>r  .  15  0 
b. — 90  quarts  of  new  milk  give  24  lbs.  of  full  milk  cheese, 

which,  at4Jd.,  per  lb.  are  si>ld  for        .         .         .         .90 
The  whey  is  worth,  at  least 0    6 

9    6 

c— 90  quarts  of  milk,  churned  altogether,  give  9  lbs.  of  butter, 

at9d 6    9 

90  quarts  of  butter-milk,  at  Jd.  per  quart  .        .        .        .39 

10    6 

^In  the  country,  where  the  butter-railk  cannot  be  sold,  it  is  given  to  the 
pigs,  and  does  not  yield  so  large  a  return. 
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#.  d> 

d'    90  quarts  of  new  milk  give  18  quarts  of  cream,  yielding 

9  lbs.  of  butter  at  9d.,  as  before 6  9 

18  quarts  of  butter-milk,  at  Jd 0  9 

70  quarts  of  skim-milk,  at  <d. 2  11 

10    5 
When  the  skim-milk  cannot  be  sold,  it  may  be  given  to  the  pigs,  or 
it  may  be  made  into  skim-milk  cheese.    Jn  tne  latter  case  the  profit  is 
as  follows : — 

*.  d. 

e.— -Butter  and  butter-milk,  as  before 7    6 

70  quarts  of  skim-milk  give  16  lbs.  of  cheese,  which,  at  3d. 

per  lb 4     0 


Thus  we  have  90  quarts  of  milk— - 


11     6 


8, 

d. 

15 

0 

9 

6 

10 

6 

10 

5 

11 

6 

a— «o1d  as  new  milk,  worth  .... 
&— made  into  full-milk  cheese  .... 
c— >made  into  butter  and  butter-milk,  where  the  latter 

can  be  sold 

<i— made  into  butter  and  skim-milk,  where  the  latter 

can  be  sold 

«•— made  into  butter  and  skim- milk  cheese 
In  the  country,  therefore,  according  to  diese  calculations,  the  most  pro- 
fitable way  is  to  make  butter  and  skim-milk  cheese.  The  farmer  is  thus 
in  a  great  measure  independent  of  an  adjoining  population.  The  small 
quantity  of  butter-milk  lie  thus  obtains  he  will  easily  be  able  to  dispose 
of^  or  otherwise  to  employ  to  advantage. 

Acoording  to  Mr.  Ayton,  it  is  still  more  profitable  to  feed  calves  with 
the  milk,  but  I  find  many  people  difier  from  him  on  this  point.  At  all 
events,  a  good  and  ready  market  is  required  for  the  veal. 
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LECTURE  XXI. 

or  the  feedinf  of  antmala,  and  the  purpoMs  served  by  rheir  fooH.— Subatances  of  which  ai« 
puna  of  animal  botlles  oonslsi.— Whence  do  the  anlmele  dorive  these  subaianoes^  are 
they  all  preaent  in  the  food  1— Use  of  the  sfiircli,  gum.  and  susar  eootaiDe<l  hi  veseiable 
foo<l.— Functions  of  a  full-grown  animal.— Of  the  respiration  of  animals.— Genersi  origin 
and  purposes  served  by  the  fot  in  carnivorous  and  herbivorous  auimoJa.— Of  the  di^eaiive 
pvoceaa  In  anloaala.— Parposcs  served  by  food  and  diceaiiou.— The  food  ■oalaiiui  iha  foU- 
grown  animal. — Necessity  of  a  mixed  food.— It  sustilns  and  incre.iaea  the  fatieniqg  aBi> 
maL— ReUiive  fatteninn  powers  of  didferent  Icinds  of  food — llow  ctrcumatances  affect  thia 

fattening  property Purpoaea  8er\'ed  by  food  in  liie  prefnant— In  the  young  and  growing 

aaimala,  sucli  as  the  calf— and  in  tiie  uiUk  cow.— Effeauf  dlffe/ent  kloda  <n  food  oo  the 
quality  of  the  milic.— Fattening  of  the  cow  as  the  tnilk  lessens  iji  quantity— Eaperiroeoial, 
economical,  and  theoretical  value  of  diflferent  Icinds  of  food  for  these  acTersl  (nirpooea.— 
Clrcum8lance«  which  affect  iheae  values— Soil,  manure,  form  in  which  the  food  la  giveo, 
▼enUlationi  light,  wacmth,  ezorclae,  activity, salt  and  otlier  condiraents. 

Having  in  the  preceding  lectures  coneidered  the  composition  of  the 
direct  products  of  Uie  soil — grains,  roots,  and  grasses — and  of  the  most 
important  indirect  products — milk,  butter,  and  cheese— the  only  part  of 
Qiar  subject  which  now  remains  to  be  discussed  is  the  relative  values  of 
these  several  products  in  the  feeding  of  animals. 

Under  this  head  it  will  be  necessary  to  enquire  how  far  these  values 
are  affected  by  the  age,  the  growth,  the  constitution,  and  race  of  the  ani- 
mal—by the  purposes  for  which  it  is  fed — and  by  the  circumstances 
under  which  it  is  placed  while  the  food  is  administered  to  it. 

§  1.  Of  the  substance  of  which  the  parts  of  animals  consist. 

The  bodies  of  animals  consist  of  solid  and  fluid  parts. 
1°.  The  solid  ports  are  chiefly  made  up  of  the  muscles,  the  fat,  and 
the  bones. 

a.  The  museles^  in  their  natural  state,  as  I  have  already  bad  occasioD 
to  mention  (p.  444),  consist  in  100  parts  of  about~- 

Dry  matter 23 

Water 77 

100 
so  that,  to  add  100  lbs.  to  the  weight  of  an  animal  in  the  form  of  muscUf 
only  23  lbs.  of  solid  matter  require  to  be  incorporated  with  its  system. 

When  the  muscular  or  lean  part  of  beef,  mutton,  &c.,  is  washed 
in  a  current  of  water  for  a  length  of  time — the  blood,  to  which  the  red 
colour  is  owing,  and  all  the  soluble  substances,  gradually  disappear,  and 
the  muscle  becomes  perfectly  white.  In  this  state,  with  the  exception 
of  some  fatty  and  other  matters  which  still  remain  intermixed  with  it,  the 
white  mass  forms  what  is  know^n  to  chemists  by  the  name  of  fibrin. 
This  name  is  given  to  it  because  it  forms  the  6bres  which  run  along  the 
muscles  and  constitute  the  greater  portion  of  their  substance. 

The  following  table  exhibits  the  relative  proportions  of  muscular  fibre 
and  other  substances  contained  in  the  flesh  of  several  diflerent  animals  in 
its  natural  state,  [Schlossberger,  Annalen  der  Pharmacie,  December, 
1842,  p.  344]  :— 
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Calf.           .        ^        i  I        fr        a 

5      'l°.     2°/     S       &         S  6       E         & 

Mtucular  fibre,  ves8el8.nexTes 

and  cellular  substance.    .  17-5   150  X6'2  16*8   18'0   170  16*5   130   ll'l 

Soluble  albumen  and  colour- 
ing matur  of  blood  (kenia- 

tonn) 2-2     3-2    2-6    2-4    23     45  30     52     44 

^^^ma!!^''^^^^}  ^'^     ^'^    ^"^     ^''^^        <^'^  ^*     ^'^     ^'^ 


J        (10     14     10 
[24? 
I)        n  6     1*2     1-7 


'^^Zml^^.'''!'''^'^^.\  ^^     ^'^    ^'^    ^-^J        ne     1-2     1-7     0^ 
Phosphate  of  lime,  with  a  lit- 
tle albumen* trace    01  trace  trace   0-4     —      0*6     —      2-2 

Water  and  loss 775  797  78-2  78  3  76-9  76-0  773  80-1   80-5 

100    100  100    100   100    100    100    100    100 

The  proporiloos  In  tho  above  table  are  not  to  be  regarded  as  constant ; 
they  seem,  however,  to  shew  what  we  should  otherwise  expect,  tliat  the 
muscular  part  of  fishes  contains  a  less  proportion  of  fibrin  than  that  of 
land  animals  in  general. 

When  dried  beef  is  burned  it  leaves  about  4^  per  cent,  of  incombus- 
tible ash-— or  100  lbs.  of  the  muscle  of  a  living  animal  in  its  natural 
state  contain  about  one  pound  of  saline  or  inorganic  matter. 

Of  this  inorganic  matter,  it  is  of  importance  to  know  that  about  two- 
thirds  consist  ^pkosphaU  of  lime*  Thus  to  add  100  lbs.  to  tiie  muscular 
part  of  a  full  grown  animal,  there  must  be  incorporated  with  its  substance 
about— 

Water 77  lbs. 

Fibrin,  with  a  little  fat      .         .         22     *' 
Phosphate  of  lime     ...  $  *« 

Other  saline  matters         .        .  ^  " 

100 

b.  The  fat  of  animals  consists,  like  the  fat  of  butter,  of  a  solid  and 
fluid  portion.  The  fluid  fat  is  in  great  part  squeezed  out  when  the  whole 
is  submitted  to  powerful  pressure. 

The  Jlmd  portion  of  the  fat,  called  by  chemists  oleiiUt  so  far  as  it  has 
yet  been  examined,  appears  to  be  identical  in  all  animals.  It  is  also  the 
same  thing  exactly  as  the  fluid  part  of  olive  oil,  of  the  oil  of  almonds, 
and  of  the  oils  of  many  other  fruits.  It  exists  in  larger  quantity  in  the 
fat  of  the  pig  than  in  tliat  of  the  sheep,  and  hence  pork  fat  is  softer  than 
beef  or  mutton  suet.  From  lard  it  is  now  expressed  on  a  great  scale  in 
the  United  States  of  America,  for  burning  iu  lamps  and  for  other  uses. 
The  manufacturers  of  stearine  candles  express  it  from  beef  and  mutton 
fiit,  but  chiefly  for  the  purpose  of  obtaining  the  solid  part  in  a  harder 
Atate,  that  it  may  make  a  more  beautiful  and  less  fusible  candle.  The 
fluid  oil  of  animal  fats,  however,  is  known  to  differ  from  the  liquid  part 
of  butter  (butter-^)  described  in  the  preceding  Lecture  (p.  559),  and 
from  the  fluid  part  of  linseed  and  other  similar  oils  which  dry,  and  fbrm 

*  Thiff  phosphate  of  lime  Is  over  and  abore  that  which  exists  naturally  In,  and  Is  insspsi' 
able  from,  the  muscular  fibre  hselfand  from  the  albumen,  i^g  izeu  oy  ^^^^^l^ 

25* 


iil  or  rAT,  A9D  or  what  bovu  consist. 

a  kind  of  vamisb  when  exposeil  to  the  oir.  These  latter  facts  axe  noC 
without  their  importance,  as  wc  shall  hereafter  see. 

The  solid  part  of  the  fat  of  animals  is  known  to  var^  to  a  certain  ex- 
tent among  diderent  races.  Thn-^  the  solid  fat  of  man  is  the  same  with 
that  of  the  goose,  and  with  tliat  which  exists  in  olive  oil  and  in  butler. 
To  this  the  name  of  margarine  is  given.  But  the  solid  fat  of  the  cow, 
the  sheep,  the  horse,  and  the  pig,  differs  from  that  of  man,  and  is 
known  by  the  name  of  atearine. 

The  solid  and  fluid  parts  are  mixed  together  in  diflerent  proportions  in 
the  fat,  not  only  of  diflferent  animals,  but  of  the  same  animal  at  difier- 
ent  periods,  and  in  different  parts  of  its  body.  Hence  the  greater  hard- 
ness observed  in  the  suet  than  in  other  portions  of  the  lat  of  beef  and  mut- 
ton, and  hence  also  the  different  quality  and  appearance  of  the  fat  of  an 
ox  according  to  the  kind  of  food  upon  which  it  has  been  fed  or  fattened. 

c.  The  bones,  like  the  muscles,  consist  of  a  combustible  and  an  incom- 
bustible portion,  but  in  the  bones  the  inorganic  or  incombustible  part  is 
by  much  the  greater.  To  the  organic  matter  of  bones  the  name  of  gd- 
atine  or  glue  is  given,  and  it  can  be  partly  extracted  from  them  by  boil- 
ing. The  proportion  of  gelatine  which  exists  in  tx>nes  varies  with  the 
kind  of  animal— with  the  part  of  the  body  from  which  the  booe  is  taken 
—and  very  oflen  with  the  age  and  state  of  health  of  the  animal,  and  with 
the  way  in  which  it  hcu  been  accustomed  to  be  fed.  It  is  greater  in  spongy 
bones,  m  the  bones  of  young  anitnals,  and  probably  also  in  the  bones  of 
such  as  are  in  high  condition.  In  perfectly  dry  bone  it  raiely  exceeds 
from  35  to  40  per  cent,  of  the  whole  weight. 

The  incombustible  portion  consists  for  the  most  part  of  phosphate  and 
carbonate  of  lime.     The  relative  proportions  of  tnese  two  earthy  com- 
pounds also  vary  with  the  kind  of  animal,  with  its  age,  its  condition,  its 
food,  and  its  state  of  health.     To  form  100  lbs.  of  bone  the  animal  will 
usually  require  to  incorporate  with  its  own  substance  ofteat— 
35  pounds  of  gelatine, 
65  pounds  of  phosphate  of  lime, 
4  pounds  of  carbonate  of  lime, 
3  pounds  of  phosphate  of  magnesia, 
3  pounds  of  soda,  potash,  and  common  salt. 

100 

d.  Hair,  horn,  and  toool,  are  distinguished  fVom  the  muscular  parts  of 
the  animal  body  by  the  larcre  proportion— about  five  per  cent.*.-^f  sul- 
phur which  they  contain.  They  consist  of  a  substance  which  in  other 
respects  closely  resembles  gluten  and  gelatine  in  its  chemical  composi- 
tion (pa|^  445).  When  burned,  they  leave  from  one  to  two  per  cent,  of 
ash,  which  in  the  case  of  a  variety  of  human  hair,  which  left  l-l  per  cent, 
of  ash,  was  ft>nnd  by  Van  Laer  to  consist  of^ 

Per  cent. 

Soluble  chlorides  and  sulphates '0-51 

Oxide  of  iron 0*39 

Phosphate  and  sulphate  of  lime,  phosphate  of  magnesia  and  silica  .  0-20 

The  inorganic  matter  contained  in  hair  is  ih^^^^  MS^S^^  speak- 


or  HAIft,  SOUl,  ASO  WOQIi,  AffO  OV  XUMN».  580 

ing,  the  same  in  kind  as  that  which  existo  in  the  muaculaz  fibre  and  in 
the  bone.  It  contains  the  same  phosphate  of  lime  and  magneflia-»Che 
•ame  sulfates  and  the  same  clilorides,  among  which  latter  common  salt 
is  the  most  abundant.  The  absolute  quantity  of  ash  or  inorganic  matter 
varies,  as  well  as  the  relative  proportions  in  which  the  several  substances 
are  mixed  together  in  the  different  solid  parts  of  the  body,  bm  the  sub- 
stances  themselves  of  which  the  inorganic  matter  is  composed  are  nearly 
the  same,  whether  they  be  obtained  from  the  bones,  from  the  muscles,  or 
(rom  the  hair.  * 

2°.  Of  the  fldtid  parts  of  the  body,  the  blood  is  the  most  important, 
and  by  far  the  most  abundant.  The  body  of  a  full  grown  man,  of  mo- 
derate dimensions,  contains  about  12  lbs.  of  blood,  [Lehmann,  Physi- 
ologiscbe  Chemie,  I.,  pp.  113  and  338,]  that  of  a  full  grown  ox,  six 
times  as  heavy,  cannot  contain  less  than  70  or  80  lbs.  Blmd  consists  of 
about— 

Ptf  oeot. 

Water 80 

Organic  matter 19 

Saline  matter 1 

100 

The  organic  matter  consists  chiefly  offibrin,  whirrh,  when  the  blood 
coagulates,  forms  the  greater  part  of  the  clot^and  o[  albumen  ^  which  re- 
mains dissolved  in  the  serum  or  fluid  p^t  of  clotted  blood,  but  which, 
like  the  white  of  egg,  runs  together  into  insoluble  clots  when  the  serum 
is  heated. 

The  saline  matler  remains  dissolved  in  the  serum  after  the  albumen 
lias  been  separated  by  hearing,  and  consists  cliiefly  of  phosphates,  sul- 
phates, and  chlorides — nearly  the  same  compounds  as  exist  in  the  soluble 
part  of  the  ash  left  by  the  solid  parts  of  the  body. 

Besides  this  soluble  saline  matter  which  remains  in  die  serum,  a  por- 
tion of  phosphate  of  lime  and  a  small  quantity  of  phosphate  of  ma£:nesia 
exist  also  in  the  fibrin  and  in  the  albumen  of  the  blood.     Thus  in  the  dry 
state  these  substances  contain  respectively  of  the  mixed  phosphates- 
Albumen  of  ox  blood    .     .     .     .     1-8  percent.^(B^^^jj^,j 
Fibnn  of  huaum  blood  ....     0-7  per  cent.  J  ^  ' 

Thus  tiu  same  saline  and  earthy  eofnpeunds^  fMdi  form  so  large  a 
parHan  of  (he  hones^  are  distrihuUd  every  tohere  in  sensible  propcrtions 
throughout  aU  the  more  important  solids  and  fluids  of  the  body 

§  2.  Whence  does  the  body  obtain  these  substances  ?    Are  they  contained 
in  the  food  1 

Wlience  does  the  body  derive  all  the  substances  of  which  its  several 
parts  consist? 

The  answer  to  this  quesUon  appears  at  first  sight  to  be  easy.  They 
must  be  obtained  from  the  food.  But  when  the  enquiry  is  further  con- 
sidered, a  reply  to  it  is  not  so  readily  given. 

It  is  true,,  indeed,  that  the  organic  part  of  the  food  contains  carbon, 
hydrogen,  oxygen,  and  nitrogen— the  elements  of  which  the  organic  parts 
of  the^xxSy  are  composed.     The  m-organic  matter  also  which  exists  in 
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the  food  contains  the  lime,  the  magnecia,  the  potash,  the  aoda,  the  sul- 
phur, the  phosphorus,  and  the  iron,  which  exist  in  the  inorganic  parts  of 
the  animal  body— >8o  that  the  question  seems  already  resolved.  The 
body  obtains  from  the  food  aU  the  elements  of  which  it  consists^  and 
if  these  be  not  present  in  the  fixid,  the  body  of  the  animal  cannot  be 
properly  built  up  and  supported. 

But  to  the  chemist  and  physiologist  the  more  important  part  of  the 
question  still  remains.  In  tchit  state  do  these  elements  enter  into  the 
body  T  Are  the  substances  of  which  the  (bod  consists  decomposed  after 
they  are  taken  into  the  stomach  ?  Arc  their  parts  fint  torn  asunder,  and 
then  re-united  in  a  difTerent  way,  so  as  to  form  the  chemical  compounds 
of  which  the  muscles,  bones,  and  blood  consist  ?  Are  the  vital  powers 
bound  to  labour,  as  it  were,  for  the  existence  and  support  of  the  body  ? 
Do  they  compound  or  build  up  out  of  their  ultimate  elements  the  various 
substances  of  which  the  body  is  composed— or  do  they  obtain  these  sub- 
stances ready  prepared  from  the  vegetable  food  on  which  animals,  in 
general,  are  fed  ?  The  answer  which  recent  chemical  researches  give  to 
this  second  question  forms  one  of  the  most  beautiful  contributions  which 
have  been  made  to  animal  physiology  in  our  time. 

1^.  We  have  seen  that  the  flour  of  wheat  and  of  our  other  cultivated 
grains  consists  in  part  of  gluten,  of  albumen,  or  of  casein.  These  sub- 
stances all  contain  nitrogen,  and  are  identical  in  constitution  with  each 
other,  and  with  tlie  fibrin  of  which  tlie  muscles  of  animals  chiefly  con- 
sist.* The  substance  of  the  muscles  exists  ready  formed,  therefore,  in  the 
food  which  the  animal  eats.     The  labour  of  the  stomach  is  in  conse- 

Jiucnce  restricted  to  that  of  merely  selecting  tliese  sul)stances  from  the 
ood  and  dispatching  them  to  the  several  parts  of  the  body,  where  they 
are  required.  The  plant  compounds  and  prepares  the  materials  of  the 
muscles — the  stomach  only  picks  out  llie  bricks,  as  it  were,  from  the  other 
building  materials,  and  sends  them  forward  to  be  placed  where  they 
happen  to  be  wanted. 

2^.  Again,  we  have  seen  that  in  all  our  crops,  so  far  as  they  have 
been  examined,  there  exists  a  sensible  proportion  of  fatty  or  oily  matter 
more  or  less  analogous  to  the  several  kinds  of  fat  which  exist  in  the  bodies 
of  animals.  In  regard  to  this  portion,  therefore,  of  the  body,  the  vege- 
table performs  also  the  larger  part  of  the  labour.  It  builds  up  fatty  sub- 
stances out  of  their  elements-^^arbon,  hydrogen,  and  nitfogen.  These 
substances  the  stomach  extracts  from  the  food,  and  the  body  appropriates 
them,  afler  they  have  been  more  or  less  slightly  changed,  in  order  to 
adapt  them  to  their  several  purposes.  There  may  possibly  be  other 
sources  of  fat,  as  we  shall  hereafter  see,  but  the  simplest,  the  most  na- 
tural^nJ  probably,  where  a  sutficieot  supply  exists,  the  only  one  had 
recourse  to  by  the  healthy  animal^s  the  rat  which  is  found,  ready 
formed,  in  the  vegetable  food  it  cats. 
3^.  Further,  the  bones,  the  muscles,  and  the  blood,  contain  phosphate 

Ject,    ....  ^, 

proportions 

Ji?^!!*,**?  **>'*P«*c«  Ml  uia  ainereiii  pmponioiM  or  attiphiir  and  phoNphoras 

5i«-2^"'~^  '^«  ■*""'  popular  ualur*  of  this  work  wiU  ooi  permit  me  U 

anjjd,^tho«gh  Unguliirty  beMlifur,  phjrsiulogical  quoaUont  wUh^f  ^l|>|i  thesp 
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of  lime,  phosphate  of  magnesia,  common  salt,  and  other  saline  com- 
pounds. These  same  compounds  exist,  ready  formed,  in  the  vegetable 
food,  associated  generally  with  the  gluten,  the  albumen,  or  the  casein, 
it  contains.  The  materials  of  the  harder  parts  of  the  body,  therefore— 
(the  phosphates)  as  well  as  the  inorganic  saline  substances  which  are 
found  in  the  blood,  and  in  the  other  fluids  of  the  body— are  all  formed  in 
or  by  the  plant,  or  are  by  it  extracted  from  the  soil  and  incorporated  with 
the  iood  on  which  the  animal  is  to  live. 

Not  only,  therefore,  do  the  mere  elements  of  which  the  parts  of  the 
bodies  of  animals  are  formed,  exist  in  the  food — but  they  occur  in  it,  put 
together  and  combined,  nearly  in  the  state  in  which  they  are  wanted,  in 
Older  to  form  the  several  solids  and  fluids  of  the  body.  The  plaut,  in 
short,  is  the  compounder  of  the  raw  materials  of  living  hodies.  The  ani- 
mal uses  up  these  raw  materials— cutting  them  into  shape  when  neces- 
sary, and  fitting  them  to  the  several  places  into  which  they  are  intended 
to  be  built. 

This  is  a  very  simple,  and  yet  a  very  beautiful  view  of  one  of  the 
many  forms  of  chemical  connection  which  exist  between  the  x)rocesses 
and  pnrpcises  of  animal  and  vegetable  life.  Nature  seems  to  divide  the 
burden  of  building  up  living  bodies  between  the  vegetable  and  the  animal 
kingdoms-— the  lower  appearing  to  exist  and  to  labour  only  for  the  good 
of  die  higher  race  of  beings. 

^3.  Of  the  respiration  ofanitnaU,  and  of  (he  purposes  served  hy  the  starchy 
gum,  and  sugar,  contained  in  vegetable  food* 
But,  besides  the  gluten  of  plants  and  seeds,  which  supplies  the  mate- 
rials from  which  the  muscular  parts  of  animals  are  formed,  the  oil  which 
is  converted  into  the  fiit  of  animals,  and  the  saline  and  earthy  matters 
of  plants  which  supply  the  salts  of  the  blood  and  the  earth  of  the  bone^-» 
vegetable  food  in  general  contains  a  large  proportion  of  starch,  sugar, 
gum,  and  other  substances  which  consist  of  carbon  and  the  elements  of 
water  only  (p.  111).  What  purpose  is  served  by  this  part  of  the  food 7 
Ib  it  me^i^ly  taken  into  the  stomach  and  again  rcpected,  or  is  it  decom- 
posed and  made  to  serve  some  vital  purpose  in  the  economy  of  the 
Uving  animal  ?  From  the  fact  that  so  large  a  part  of  all  vegetable  food 
consists  of  these  substances,  we  might  infer  that  they  were  destined  to 
serve  some  important  purpose  in  the  animal  economy.  To  the  herbiv- 
orons  animal  tliey  are,  in  fact,  almost  necessary  for  the  support  of  a 
beakhy  life. 

In  order  to  understand  this  Bact,  it  will  be  necessary  briefly  to  advert  to 
the  respiration  of  animals — ^the  chemical  changes  produced  by  it,  and 
the  purposes  it  is  supposed  to  serve  in  the  animal  economy. 

l^.  Of  the  function  ofrespiration.-^Ml  animals  possessed  of  lungs  al- 
ternately inhale  and  exhale  the  atmospheric  air.  They  breathe,  that  is, 
or  leepire.  The  air  they  draw  into  their  lungs,  supposing  it  to  be  dry, 
oonsisU  by  volume  (pp.  32  and  148)  very  nearly  of— 

Nitrogen 79-16 

Oxygen 30-80 

Carbonic  acid 0*04 
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—the  proportion  of  carbonic  acid  being  very  soialL    But  as  it  is  bceatlMd 

out  agai;!  it  consists  of  about— > 

Nitrogen 79-16 

Oxygen 16-84  lo  12 

Carbonic  acid 4*00  to    8 
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—-the  proDortion  of  oxygen  being  considerably  less,  that  of  carbonic  add 
very  much  greater,  than  befure.     On  an  average  the  natural  proportion 
of  carbonic  acid  in  the  air  is  found  to  be  increased  100  times  after  it  is 
expelled  by  breathinff  from  the  lungs. 

Now  carbonic  acid  consists,  as  we  have  previously  seen,  of  carbon  and 
oxygen.  In  breathing,  therefore,  the  animal  throws  off  into  the  air  a 
Quantity  of  carbon— in  the  form  of  carbonic  acid — which  varies  at  dif- 
ferent umes,  in  difierent  species  of  animals,  and  in  difierent  individuals  of 
the  same  species.  By  a  healthy  man  the  quantity  of  carbon  thus 
thrown  off  varies  from  5  to  13  ounces,  and  by  a  cow  or  a  horse  from  3  to 
5  pounds,  in  24  hours.  All  tliis  carbon  must  be  derived  from  the  food. 
The  animal  eats,  therefore,  not  merely  to  support  or  to  add  weif^t  to  its 
body,  but  to  supply  the  carbon  also  which  is  wasted  by  respirauon. 

2°.  How  the  respiration  is  fed — What  part  of  ihe  food  supplies  the 
waste  caused  by  respiration  ?     How  b  the  respiration  fed  ? 

In  animals  which  live  upon  flesh'^amivorous  animals— it  is  the  fat 
of  their  food  from  which  the  carbon  given  off*  by  their  lungs  is  derived. 
It  is  only  when  the  fat  fails  in  quantity  that  the  lean  or  muscular  part 
of  the  flesh  they  eat  is  decomposed  for  the  purpose  of  supplying  carbon 
to  their  lun^s. 

In  an  ammal  to  which  no  food  is  given  for  a  time,  the  lungs  are  fed, 
so  to  speak,  from  fat  also.  But  in  this  case  it  is  the  living  fat  of  the 
animals  own  body.  When  digestion  is  fully  performed  and  hunger  is 
keenly  experienced,  the  body  begins  to  feed  upon  itsel^the  lungs  still 
play,  respiration  continues  for  many  days  after  food  has  ceased  to  be  ad- 
minirtered,  but  the  carbon  ^ven  on' is  derived  from  the  substance  of  the 
body  itself.  The  fat  first  disappears— escapes  with  the  breath— and  af- 
terwards die  muscular  part  is  attacked.  Hence  the  emaciation  which 
follows  a  prolonged  abstinence  from  food. 

In  animals  which  live  upon  vegetable  food  acain^herbivorous  ani- 
mals—>it  is  the  starch,  gum,  and  sugar,  of  the  niod  which  sapply  the 
carbon  for  respiration.  It  is  only  when  the  food  does  not  contain  a  suf- 
ficient supply  of  these  compounds  that  the  oil  first,  and  then  the  gluten, 
are  decomposed,  and  made  to  yield  their  carbon  to  the  lungs. 

In  man,  who  lives  on  both  kinds  of  food,  and  in  the  domestic  dog,  and 
the  pig,  which  also  eat  indifiereatly  botli  animal  and  vegetable  fo(^,  the 
carbon  of  respiration  may  be  denved  in  part  from  the  fat,  and  in  part 
from  the  starch  and  sugar  which  they  eat— according  as  they  are  chiefly 
supported  by  the  one  or  by  tbe  other  kind  of  food. 

It  may  be  asked  how  we  know  that  such  are  the  parts  of  the  food,  to 
which  the  duty  of  supplying  the  demands  of  the  lungs  is  especially  com- 
mitted. There  are  several  considerations  which  lend  force  to  this  opin- 
*°°*    m^^^  ^  **^^  *^^*^  y^"'^  attention  to  one  or  two. 

a.  Why  is  the  fct  rather  tlian  the  lean  part  of  the  food  of  oarfitvoroiif 
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animals  devoted  to  the  service  of  the  lungs,  aad  why  do  starving  ani- 
mals lose  their  fat  first  ?  Because  the  cheaiical  decomposition  by  wluch 
carbon  can  be  derived  from  the  fat  is  simpler  and  more  easily  effected 
than  that  by  which  it  can  be  obtauied  from  muscular  fibre.  By  combi- 
nation with  oxygen,  fat  can  be  converted  into  carbonic  acid  and  water 
only,  of  wKlch  Uie  former  will  pass  off  by  the  lungs  and  the  latter  in  the 
urine.  The  muscular  fibre,  on  the  other  hand,  contains  much  nitrogen 
(p.  444),  and,  if  deprived  of  its  carbon  for  the  uses  of  respiration,  must 
undergo  very  complicated  decompositions,  and  form  a  series  of  com- 
]X)unds,  the  use  of  which,  in  the  animal  economy,  it  is  not  easy  to  perceive. 
Besides,  in  producing  the  carbonic  acid  of  the  luhir^  from  the  fat  of  the 
animal  food  or  of  the  living  body,  there  is  less  waste  of  material.  Fat 
consists  wholly  of  the  three  elements,  carbon,  hydrogen,  and  oxygen. 
These  all  disappear  entirely  in  the  form  of  carbonic  acid  and  water— both 
of  which  are  used  up.  Muscle,  on  the  other  hand,  besides  nitrogen,  con- 
tains a'  constant  proportion  of  sulphur  and  phosphorus.  If  the  muscle, 
then,  be  decomposed  for  the  purpose  of  supplying  carbon  to  the  lungs, 
not  only  the  large  quantity  of  nitrogen,  but  the  sulphate  and  phosphorus 
also,  would  go  to  waste,  and  would  pass  off  in  the  urine.  In  nature, 
however,  sucn  waste  is  rarely  seen  to  take  place ;  and,  therefore,  as  a 
general  rule,  the  respiration  will  be  supported  by  the  muscular  fibre  only 
when  other  kinds  of  food  are  deficient. 

&.  But  in  the  stomachs  o^ herbivorous  animals,  why  are  the  starch  and 
sugar  especially  appropriated  to  the  use  of  the  lungs  ?  The  food  of  ani- 
mils  which  live  upon  vegfetable  substances  contains  fat  as  well  as  starch 
—why  then  is  the  starchln  this  case  dissipated  by  the  process  of  respira- 
tion, while  the  fat  is  applied  as  it  is  supposedt  to  another  use  ?  The 
answer  to  this  question  is  both  beautiful  and  satisfactory. 

Starch,  gum,  and  sugar,  consist  of  carbon  and  water  only,  and  we  can 
conceive  thsm  in  thsir  passage  through  the  body  to  be  actually  separated 
into  theses  two  substances— in  which  case  the  carbon  has  only  to  combine 
with  oxygen  and  form  carbonic  acid,  to  be  ready  to  pass  off  by  the  lungs. 
Here,  therefor6,  only  one  chemical  combination  is  req^uired— the  union 
of  carbon  with  oxygen.  It  is  the  simplest  way  in  which  we  can  con- 
ceive carbon  to  be  supplied  for  the  use,  or  for  the  purposes  of  tlie  lungs.* 
Bnt  it  is  otherwise  with  fat.  Though  nearly  all  kinds  of  fat  consist  en- 
tirely of  carbon,  hydrogen,  and  oxygen— yet  they  cannot  be  supposed  lo 
consist  only  of  carbon  and  water.  They  contain  much  more  hjrdrogen  than 
is  necessary  to  form  water  with  the  oxygen  which  is  present  in  them.  If, 
then,  the  carbon  of  these  fats  be  separated,  this  excest  of  hydrogen  will 
also  be  set  free,  and  if  the  former  be  made  to  combine  with  oxygen  to 
form  carb  »nic  acid,  the  latter  must  also  combine  with  hydrogen  to  form 
water.  Thus  two  chemical  changes  must  eo  on  simultaneously,  for 
which  more  oxygen  will  be  requirdi,  and  which  involve  more  labour  in 
the  system  than  when  the  carbon  alone  is  to  be  combined  with  oxygen. 
It  is  natural,  therefore,  that  where  both  starch  and  oil  are  present  to- 
gether, the  former  should  be  first  converted  to  the  uses  of  the  lungs,  the 
latter  only  when  the  supply  of  starch  or  sugar  has>been  exhausted. 

'  The  chemloal  rwder  win  oodaniaiid  thtt  I&m  here  ontj  giving  a  popohr  view  of  the 
JInal  remit  of  Um  eevenl  chengee  ttiroqili  wikiob  Uie  9ukoB  ao  4oabt  OMtee  befon  It 
eeospee  In  the  form  of  eartoolc  acid.  '  a '^^"  "y  ^  v.  v^^TT^ 
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There  appears,  therefore,  to  b^  a  beautiful  adaptation  to  the  wants  and 
conveoieDce  of  animals  in  the  large  proportion  of  starch,  gum,  and  sugar, 
which  the  more  abundant  varieties  of  vegetable  food  contains.  In  obtaining 
carbon  from  these,  the  least  possible  labour,  so  to  speak,  is  imposed  upon 
the  digestive  organs  of  the  herbivorous  races.  The  starch  and  sugar 
abound  because  much  carbon  is  required,  while  fatty  matter  or  oil  is 
present  in  smaller  quantity,  because  comparatively  little  of  this  is  neces- 
taiy  to  the  performance  of  the  usual  healthy  futictions  of  the  animal 
body.  And  it  is  another  adaptation  of  the  living  body  to  the  circum- 
stances in  which  it  may  be  placed,  that  when  starch  or  sugar  cannot  be 
obtained,  the  oil  of  the  food  is  consumed  for  the  supply  of  carbon  to  the 
lunffs— and  failing  this  also,  the  gluten  and  albumen  of  tne  vegetable  food 
or  the  muscular  fmre  of  the  animal  food,  or  even  of  the  living  animal  it- 
self. 

3^.  Purposes  served  by  retmraf ton.— But  for  what  purpose  essential  to 
life  do  animals  respire  ?  If  tne  starch  and  sugar  be  so  necessary  to  feed 
the  respiration— the  breathing  itself  must  be  of  vital  importance  to  the 
living  animal. 

Some  doubts  still  exist  upon  this  point.  It  is  generally  believed, 
however,  that  carbon  is  consumed  or  ^ven  off  from  the  lungs  for  the  pur- 
pose of  sustaining  the  heat  of  the  living  body.  When  starch,  or  sugar, 
or  gum,  are  burned  in  the  open  air,  they  are  changed  into  carbonic  acid 
and  water,  and  at  the  same  time  produce  much  heat.  It  is  supposed  that 
in  the  body  the  same  change— the  conversion  of  starch  and  sugar  into 
carbonic  acid  and  waters-taking  place,  heat  must  in  like  manner  be  pro- 
duced. A  slow  combustion,  in  short,  is  supposed  to  be  going  on  in  the 
interior  of  the  animal— the  heat  of  the  body  being  ereater,  in  proportion 
to  the  quantity  of  carbonic  acid  given  off  from  the  lungs.  In  favour  of 
this  xdew  many  strong  reasons  have  been  advanced,  but  there  are  also 
objections  against  it  of  considerable  weight,  which  cannot  as  yet  be  satis- 
factorily removed. 

Were  we  to  adopt  this  opinion  in  regard  to  the  main  purpose  served  by 
respiration  as  the  true  one,  it  would  afford  a  very  disunct  reason  for  the 
large  amount  of  starch  existing  in  all  our  cultivated  crop<».  Respiration, 
according  to  this  view,  is  necessary  to  supply  heat  to  the  animal,  and 
this  respiration  is  most  simply  and  easily  fed  by  the  starch  contained  in 
the  vegetable  food.  The  life  and  labours  of  the  plant  again  minister  to 
the  life  and  labours  of  the  animal. 

§  4.  Of  the  origin  and  the  purposes  served  by  the  fat  of  aninuds. 

1°.  The  immediate  origin  or  source  of  the  fat  of  animals  depends  upcm 
the  kind  of  food  with  which  the  animal  is  fed.  Carnivorous  animals 
obtain  or  extract  it  ready  formed  from  the  flesh  they  eat — ^herbivorous 
animals  from  the  vegetable  food  on  which  they  live. 

It  has  only  been  lately  shown  that  the  corn,  hay,  roots,  and  herbage, 
on  which  cattle  are  fed,  contain  a  sufficient  quantity  of  oily  matter  ready 
formed  to  supply  all  the  fat  which  accumulates  in  their  bodies— or  which, 
by  the  milk  cow,  is  yielded  in  the  form  of  butter.  Before  the  different 
lunda  of  food  bad  been  analyzed*  with  the  view  of  determining  the  quan- 
nty  of  oil  and  fsx  they  severally  contam,  it  was  supposed  that  the  fat  of 
animals  was  derived  almost  solely  from  the  starch  and  sugar  or  gum,  of 
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which  80  large  a  propordon  of  vegetable  food  consLsta.  Th»  opimon, 
however,  haB  given  way  before  the  advance  of  analytical  reseaicb« 
Animals  fatten  quickest  upon  Indian  corn,  or  oil  cake,  or  oil  mixed  witli 
chopped  straw,  or  upon  oily  seeds  and  nuts— or,  as  in  the  case  of  poultry, 
on  a  mixture  of  meal  or  suet — because  these  kinds  of  food  contain  a  large 
proportion  of  fatty  matter  ready  formed  which  the  animal  can  easily  ex- 
tract, and  after  a  slight  chemical  change  can  convert  into  a  portion  of  its 
own  substance. 

The  conversion  of  starch  or  sugar  into  fat  in  the  animal  body  implies 
a  chemical  change  of  a  less  simple  nature— one  which  seems  to  impose 
upon  the  vital  pnnciple  a  greater  amount  of  labour  than  is  implied  in  the 
simple  appropriation  of  the  fat  which  exists  ready  formed  in  Uie  food.  If, 
then,  there  be  in  the  food  as  much  fat  as  is  necessary  to  supply  all  that 
tlie  animal  appropriates  to  itself,  and  if  it  is  observed  to  lay  on  or  appro- 
priate more  when  the  food  is  richer  in  fatty  oils,  we  are  led  to  believe 
that  the  natural  purpose  served  by  the  oil  in  the  vegetable  food  is  to  supply 
the  fat  of  the  animal  body.  In  other  words,  the  vegetable  ministers  to  the 
animal  and  lessens  its  labour  by  preparing  beforehand  the  materials  out 
of  which  ihe  animal  is  to  build  up  the  fatty  parts  of  its  body. 

But  though  this  is  the  general  source  of  the  fat  of  animals,  circum- 
stances may  occur  in  which  the  only  vegetable  food  which  the  animal  can 
piocure  does  not  contain  a  sufficient  proportion  of  fat  to  supply  all  the 
wants  of  its  body— or  to  enable  it  to  perform  the  several  natural  functions 
it  is  destined  to  fulfil.  Thus  wax  is  a  kind  of  fat,  and  it  has  been  shown 
(Milne  Edwards)  that,  when  fed  upon  pure  sugar,  the  bee  is  capable  of 
forming  wax  fioni  its  food.  When  fed  upon  such  sugar,  it  not  only  lavs 
up  a  store  of  honey,  but  it  continues  to  build  its  cells  of  wax.  Now  tne 
•cazch  of  the  food  is  readily  changed  into  sugar.  It  may  be  so  changed 
in  the  stomach  of  man  and  of  other  animals.  That  power  which  the  bee 
possesses  they  also  may  in  cases  of  emergency  be  mble  to  exercise. 
Where  a  sufficient  supply  of  oil  for  the  necessary  uses  of  the  animal  is 
not  contained  in  the  food  it  eats,  it  may  form  an  additional  portion  from 
the  starch  or  sugar  in  which  its  food  abounds. 

According  to  the  present  state  of  our  knowledge,  therefore,  the  most 
probable  opinion  in  regard  to  the  origin  of  the  fat  of  anunals  seems  to  be 
expressed  in  these  two  proposition. 

a.  That  the  fat  of  animals  is  contained  ready  formed,  and  is  usually 
derived  from  the  veeetable  or  other  food  on  which  they  live— and  that 
when  the  food  abounds  largely  in  fat,  the  animal  lays  it  more  quickly 
and  abundantly  upon,  its  own  body. 

6.  That  when  the  food  does  not  contain  a  sufficient  proportion  of  fat  to 
enable  the  animal  comfortably  to  perform  the  various  functions  of  its 
body,  it  has  the  power  to  form  an  additional  quantity  from  the  starch  or 
sugar  it  eats — ^but  that  it  tvill  not  readily  fatten  or  lay  on  large  additions 
of  fat  upon  its  body  when  fed  upon  farinaceous,  saccharine,  or  other  food 
in  which  oil  is  not  naturally  contained.* 

•  For  the  take  of  the  chemical  reader  I  may  be  pormltled  here  lo  show  bj  what  kind  of 
eYiemical  ehanffee— 1°,  the  fat  of  animals  In  general  may  be  derhretl  from  the  starch  oraogar 
of  iheir  food ;  and  99,  how  the  peculiar  kinds  of  fat  eontalueil  in  the  body  of  any  given  ani- 
mal may  be  formed  from  the  peculiar  kinds  of  fat  contained  in  ita  food. 

]0.  How  fat  tnav  be  formed  from  ttarch  or  svfar.--These  Civo  sobalanGea,  at  wo  hatts 
•IfMdy  aeeu,  may  be  represented  by  carbon  and  water  ooly^ 
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2^.  TV  purpo$es  served  by  the  fat, — In  all  healt}^  animals  which 
take  a  sufficient  quantity  of  exercise  to  maintain  them  in  a  healthy  con- 

CttrtMNi.     Wftier. 

Alardk, emislslinf  of  12    4-    10,  repraaented  bj  Ct9  Hio  Om 

Cbnc  Mtfor,  con«ltdn«  of  12    +    H.  repretaoted  bj  Cis  Un  On 
Fti^  afabi,  BUtfjpniie  for  exampla,  Uia  aoliil  hi  of  the  bunui  body,  is  yeyrwgiHod  (p. 
fi69,  fiof«,)  by  Ca  Hj6  Os    Compare  thia  with  4  of  atarcb,  aod  w«»  h«ra— 

4oralarch  =  Cta  Hio  Om 

lofmartfarioa =  Cti  H«  Os. 

DilTorenee =s  Cti  Hj  Oos 

ThU  dUToreoea  la  aqiial  lo,  or  may  be  rftpreaanted  by, 

U  of  cartMoio  add  4>  4  of  water  4-  9  of  nxyaea 
llCOi  +4  HO  +       9  0 

B<)  that  by  the  aepamrtoa  of  earboole  acid,  which  may  be  given  olT  from  the  lmif»-of 
water,  which  ouy  or  nuy  not  remain  in  the  ayMtem,— and  of  a  portioo  of  oxygao.  wfaieh 
may  be  used  up  lo  varloua  ways  In  the  blood,  the  aurch  or  auear^of  tbo  food  may  be  eeo- 
Terted  Into  fat. 

Tltat  In  aome  siioh  way  these  aubataocea  may  be  chaiuted  Into  the  fat  ofaiilmala  wma  firat 
toalaled  upAQ  and  explained  by  Liebig ;  and  it  ia  probdble.  m  I  have  aaid  in  the  text,  that  in 
caaei  nf  emergency  fai  ia  reauy  formed  in  the  animal  body  from  ench  kioda  of  ft>od.  Bat 
when  Liebig  put  forth  hia  viewi  on  thia  aabjeet,  li  waa  n<4  known  that  vagelable  aubataocea 
natunUIr  contained  ao  laiye  a  proportion  of  fat  aa  haa  aince  l>een  found  in  th<^m.  The  ne- 
caa4[ty  lor  the  conatant  pnxluotlon  or  formation  offal  in  the  bmly  itaelf,  therefore,  la  not  oow 
•0  apparent,  anil  the  eoundeat  opinion,  aeconling  to  our  proaent  knowledge,  aeema  lo  be 
that,  while  ine  vegetable  food  umi^  auppllea  ail  the  fat  ready  formed  which  the  aaUnal  re- 
QUlre«,  yet  thit  a  oonveraloa  of  a  certain  pan  of  the  atarch,  gum.  augar,  and  even  of  Jie  eel- 
Iiilar  fibre  of  the  food.  Into  fat,  may  take  place,  when  all  the  wania  of  the  body  are  not  aop- 
plle<l  by  the  foft  which  the  food  naturally  oooialna.  Of  eourae  thia  opinion  appliea  only  to 
animola  in  perfect  health.  In  certain  dlaeaaed  alatea  of  the  body  a  larser  and  more  eon- 
atant  protliictton  of  fat  from  tiie  food  miy  tHke  place,  aa  appears  to  t>e  the  caae  In  animaia 
which  no  dlminotloa  of  food  aeema  to  prevent  rmm  Uylnc  on  fat. 

2°.  How  tke ptetUkKTkimik  of/at  in  the  OodynMjf  be dtrt9ed/nmtAe peculiar  kindB  of  fiU 
in  f  A/*  food. 

a.  we  have  already  seen  (p.  669)  that  the  solid  part  of  butter,  of  olive  oil,  and  of  the  fooae, 
ia  Idoniicat  wUh  the  soUd  fat  of  the  humtn  bndv.  When  eaten  by  man,  therefore,  theee  ae- 
veral  kinda  of  fat  may  be  at  once  conveyed,  without  change,  from  the  stomach  to  the  aeveni 
part«  of  the  br>dy  where  they  are  required.  From  thia  ctroumstaoee  theee  kinda  of  frt  eeeBi 
cemark'ibly  ttted  for  the  foo  1  of  man. 

b.  The  solid  fatoflhe  ox  and  the  aheep  ia  called  atearlne.  TTpnn  thia  man  lives  much 
and  converts  It  lnto%e  solid  fot  (marfarine)  of  lUs  own  body.  This  may  take  place  after 
the  following  maoAer  :— 

2  of  margarine =  C71  Ht2  Oio 

1  ofsteartne s  Cit  H09  Or 

DlflTerence =  Ci   Uj    O3 

If  we  double  this  difference,  we  have  Cs  Hi  O3  ;  which  Is  ihi^  formu'a  for  faicfte  acid. 
Recent  researches,  however,  have  failed  In  detecting  tills  add  in  the  bkM>d-~lf  It  be  formed 
at  all,  therefore.  It  must  exist  only  In  a  transition  atate,  and  must  t»«  speedily  converted  into 
other  compoimda.  The  final  result  mHV  possibly  be  the  evoluiion  of  (he  3  of  cart»on  (C3  ) 
by  the  lungs  in  the  form  of  carbonic  acid. 

c.  That  the  body  or  Its  parts  poseeea  the  power  of  eaally  tranaforming  these  different  kinds 
of  fat  one  Into  the  other,  we  know,  also,  from  other  facta.  Tlius  the  calf  Uvea  upon  milk, 
and  from  the  two  kinds  of  fot  contained  In  the  rream  of  the  nUlk,  It  forms  the  solid  end  Uqnid 
fata  of  Its  own  body.  The  stearins  of  the  animal  In  this  ctiae  may  be  forme«l  from  the  mar- 
garine of  the  butter,  being  exactly  the  converse  of  the  previous  cose,  while  the  butter  oil  may 
be  changed  Into  the  Uquid  fot  of  the  lallow. 

Ttiis  latter  la  more  difBonli  lo  explain,  since  (he  composition  of  elalne~-the  lianld  let  of 
the  ox,  calf,  and  aheep— oompered  with  thai  of  buuer  oiU  preaenta  a  considerable  difference. 
Thus— 

Elaine s:  O47  Hir  Os 

Butter  oil zsCuHsiOB 

Dlff.ir^nee  .    .    .    .    =  Oio  He 
What  becomes  of  thia  dUlbreoce,  Cio  Hs,  we  are  unable  aa  yet  precisely  to  expiein.    By 
the  intenrentlon  of  e  little  oxvgen  tt  mixht  r«*adiiy  give  viae  to  a  little  more  let. 

d.  The  oow  and  ealf  tocether,  however,  illustiHte  very  clearly  the  existence  of  this  traae* 
formlnx  power  of  the  animal  body.  We  are  unacquainted,  aa  yet.  with  the  composition  of 
the  several  kinds  of  fot  which  ocour  In  vegetablee-^jt  we  know  ttiat  out  of  theee  the  oow 
can  form  the  two  Unda  of  fht^tiie  alearine  and  the  elaiiie— which  exist  in  Its  own  tallow, 
^i^^  'iit*^°''^  '''"^  ^^^  ^^^  ^^^  of  fat— margarine  and  butter-oil— which  are  found  la  its 
rauic.    The  calf,  again,  can  change  these  two  laUer  fitta  Into  those  which  to  own  body,  as 
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dttioii,  the  principal  purposes  served  by  the  fat  are  simple  and  the  same. 
It  lubricates  the  joint'*— covers  and  protects  the  internal  viscera — ^keeps 
the  noiuscles  separate,  and  enables  them  to  play  freely  among  each  o(her 
-^makes  the  hair  and  skin  soft  and  flexible,^and,  by  filling  up  hollows, 
contributes  to  the  roundness  and  plumpness  of  the  parts,  and  defends  the 
extremities  of  the  bones  from  external  injury. '  When  exercise  is  taken, 
a  portion  of  the  fat  of  the  body  appears  to  be  more  or  less  changed  and 
removed,  and  is  afterwards  found  in  the  perspiration,  or  in  the  dung.  It 
is  to  make  up  for  this  natural  waste  that  all  animals,  even  when  the  fat 
of  their  body  undergoes  no  increase,  require  a  certain  supply  to  be  daily 
given  to  them  in  their  food. 

The  accumulation  of  fat  in  animals  seems  to  be  an  effort  of  nature  to 
lay  in  a  store  of  food  in  time  of  plenty,  which  may  be  made  avjulable  in 
the  performance  of  the  usual  functions  of  the  animal  when  a  time  of 
scarcity  comes.  If  the  food  contain  too  little  oil  to  lubricate  the  joints 
and  to"  supply  the  natural  waste  of  this  kind  of  matter,  then  the  store  of 
fat  which  has  been  accumulated  in  time  of  plenty  Ls  drawn  upon,  a  por- 
tion of  it  is  worked  up,  so  to  speak,  and  the  fat  of  the  body  diminishes  in 
quantity.  We  have  seen  also  that  the  respiration  of  carnivorous  animals 
is  supported  at  the  expense  of  the  fat  which  they  eat — and  that  the  lean- 
ness which  attends  upon  starvation  is  owing  to  the  fat  of  the  living  body 
beingconsumed  in  supplying  thecarbongiveq  oflffrom  the  lun^s.  Another 
purpose,  therefore,  for  which  animals  seem  to  be  invested  with  the  power 
of  laying  on  fat,  is,  that  a  store  of  food  for  the  purposes  of  respiration 
may  be  carried  about  in  the  body  itself,  to  meet  any  unu^al  demand 
which  the  food  may  not  be  able  wholly  to  supply. 

^5.  Of  the  natural  toasU  of  the  parts  of  the  body  in  a  full  groum  animal* 
We  have  seen  that,  if  the  food  of  the  animal  be  unable  to  supply  the 
carbon  given  off  from  the  lungs,  and  the  fat  which  the  movements  of  the 
limbs  require,  the  parts  of  the  body  themselves  are  laid  under  contribu- 
tion in  order  to  supply  these  substances.  Thus,  when  the  food  is  stinted, 
the  body  necessarily  undergoes  a  waste  from  this  cause. 

Bat  tub  is  not  a  constant  waste.  It  is  prevented  by  tlie  use  of  a  larger 
quantity  of  food.  The  parts  of  the  body,  however,  do  undergo  a  con- 
stant and  natural  waste,  to  make  up  for  which  is  one  of  the  main  pur- 
poses served  by  the  food.  * 

It  has  been  ascertained  by  physiologists,  that  all  dte  parts  of  the  body 
undergo  a  glow  atid  insensible  process  of  renewal .  The  hair  and  the  nails 
we  can  see  to  be  constantly  renewed.  They  grow,  or  are  thrust  out- 
wards.   But  the  muscles  and  even  the  bones  are  by  little  and  little  re- 

wall  u  that  of  ita  mother,  reqairea.  And,  had/,  man  bj  eating  the  fet  of  the  calf  can  re* 
oonrert  it  ioto  maigarine  and  thoais  other  fattj  aubiilancea  which  are  found  In  the  various 
parta  of  hia  body.  8ubaiaooea  whicli  can  ihtia  ao  frequently  and  ao  readily  be  changed,  the 
one  into  the  other,  muai  be  very  cloeely  connected,  and  the  mode  In  which  their  mutual 
tranaformationa  are  clfected  will,  no  doubt,  prove  to  be  simple  when  theae  are  rightly  im> 
deraiood. 

The  chemical  reader  will  tinderatand  that  it  ia  for  the  sake  of  aimpUcity  onlv  that  I  have 
In  thia  note  compared  togerher  the  entire  fata  atearine,  maiigartne,  dec,  inatead  of  the  fiUly 
acida  only  which  they  are  known  to  contain. 

The  reader  will  conault  with  much  advanra^e  and  aatlsfacllon  npon  thia  subject,  a  work 
upon  Chemicnl  Physinlofry,  by  Profesaor  Mulder,  of  Utrecht  {Ptocm  eener  Algemnena  Pk^ 
nolo  giseks  achetkunde^  p.  2GQ,  gl  aeg.)  of  widch  I  am  happy  to  aay  that  a  traiiaiatlon  from 
the  Dotch  ia  now  In  progretia  by  my  aasiatant,  Mr.  Vtombii^  and  wiU  apeediiy  be  ptiWIshsd 
by  Uie  MeasuB.  aiaokwood. 
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njoved  inwardly  and  rejected  in  the  excretions-^the  place  of  dial  winch 
19  removed  being  supplied  by  new  poitions  of  matter  derived  fiom  the 
food. 

This  removal,  though  unfelt  by  us,  goes  on  so  rapidly  that  in  a  spaoe 
of  time,  whicli  varies  from  one  to  five  jrears,  the  whole  body  of  the  ani- 
mal b  renewed.  There  does  not  reir.ain,  it  is  said,  in  any  m  our  bodies, 
a  single  particle  of  the  same  matter  which  foimed  their  substance  three 
or  five  years  ago.  It  is  just  as  if  we  were  to  take  a  single  old  brick  every 
day  out  of  the  corner  of  a  house,  and  put  in  a  new  one— the  fbrm  and 
dimensions  of  the  house  would  remain  unaltered,  and  yet  in  the  coiuse 
of  a  few  years  its  walls  would  be  entirely  renewed. 

In  full  grown  animak,  some  parts  of  the  body  are  renewed  mare  ra- 
pidly than  others — the  muscles,  for  example,  more  frequently'  and  rapidly 
than  the  bones  and  the  brain.  In  young  animals,  again,  the  whole  body 
is  oilener  renewed  than  in  such  as  are  advanced  in  years,  but  all  the 
parts  of  all  animals  arc  believed  to  be  more  or  less  quickly  removed  and 
replaced. 

The  new  materials  which  are  conveyed  to  the  difllerent  parts  of  the 
body  are  derived  directly  from  the  food.  The  fibrin  of  the  muscles  is 
replaced  fmm  the  gluten  which  the  food  contains-^the  fat  from  its  oi]— 
and  the  earthy  matter  of  the  bonett  and  the  salts  of  the  blood,  from  the 
phosphates  aud  saline  substances  which  are  naturally  present  in  it.  On 
the  other  hand,  those  parts  which  are  extracted  from  the  muscles  and 
bones,  and  carried  ofT  in  the  excretions,  are  decomposed  durizig  their  re- 
moval. New  chemical  compounds  are  produced  from  them,  which  are 
found  in  the  urine  and  dung  of  the  animal,  and  which  give  to  these  ex- 
cretions their  richness  and  value  in  the  manuring  of  the  soil. 

i  6,  Of  (he  kind  and  quantity  of  food  nece$8ary  to  tnake  up  for  the  natural 
waste  tn  the  oody  of  a  fuU  grown  aniinaC 

The  substances  which  constantly  disappear  from  the  body  in  conse- 
quence of  the  natural  waste  above  described,  are  of  three  kinds— die/Mn 
and  other  analogous  organic  compounds,  which  form  the  muscles  ai)d  the 
cartilage  of  the  bones^the  earthy  phomhatei  (of  lime  and  macneaia), 
which  form  so  large  a  proportion  of  the  bones,  and  exist  in  smaU  quan- 
tity in  the  muscles  also^and  the  soluble  saline  substances^  which  abound 
in  the  blood  and  in  the  other  fluids  of  the  livmg  animal.  In  the  solid  and 
liquid  excretions,  a  larger  quantity  of  each  of  these  three  classes  of  com- 
pounds is  carried  out  of  the  body.  How  much  of  each  must  be  contained 
in  the  daily  food  of  a  full-grown  animal  in  order  that  it  may  be  kepi  in 
its  actual  condition? 

1°,  Quantity  of  fibrin  or  other  analogotts  compounds  {albumen  or 
casein)  ichich  the  daily  food  must  confam.— The  most  accurate  experi- 
ments that  have  yet  been  made  upon  this  subject  (Lecann)  appear  to 
show  that  a  full  grown  man  rejects  in  his  urine  alone  about  half  an  ounce 
of  nitrogen  (230  srs.)  every  24  hours.  This  quantity  of  nitrogen  is  con- 
tained in  about  three  ounces  of  dry  muscular  fibre,  which  must,  therefore, 
every  day  be  decomposed  or  removed  in  order  to  yield  it. 

But  if  the  body  is  kept  in  condition,  this  quantity  of  fibrin  must  be 
daily  restored  agam  by  the  food.  Now,  to  supply  tnree  ounces  of  dry 
fibnn,  there  must  be  eaten  about— 
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30  oonees  of  wfaeaten  floiir ;  or 

45      **      of  wheaten  bread  ;  or 

14       "      of  fresh  beef  or  mutton  ;  or 

12  •*  of  pease  or  bean  meal;  or 
4  "of  cheese  ;• 
Or,  if  we  live  wlioUy  upon  potatoes  or  milk,  we  must  eat  no  less  tlian 
six  or  seven  pounds  of  the  former  daily,  or  drink  three  or  four  imperial 
pints  of  the  Iatter-*if  we  would  restore  to  the  body  as  much  of  the  sub- 
stance of  its  muscles  and  cartilage  as  is  daily  removed  from  it  by  the 
urine. 

But  the  urine  is  not  the  only  channel  through  which  nitrogen  is  given 
off  from  the  animal  body.  A  considerable,  though,  of  course,  a  %'ariable 
proportion  is  found  in  the  solid  excretions  or  dung,  which  has  also  been 
derived  from  the  substance  of  the  body  itself.  A  small  quantity  of  ni- 
trogen is  believed  to  be  given  olf  from  the  lungs  also  in  breathmg,  and 
from  the  skin  in  the  perspiration,  which  nitrown  must  have  been  either 
directly  or  indirectly  derived  from  the  food.  And,  lastly,  of  the  fibrin  or 
other  food  containing  nitrogen  which  may  be  introduced  into  the  stomach, 
a  portion  must  pass  the  mouths  of  the  absorbent  vessels  as  it  descends 
through  the  intestines  and  thus  escape  with  the  dung,  without  having 
performed  its  part  in  the  ordinary  nourishment  of  the  body. 

It  is  impossible  to  make  any  correct  estimate  of  the  amount  of  nitrogen 
which  escapes  from  the  animal  in  the  several  ways  just  noticed^n  the 
solid  excretions  from  the  lungs  and  from  the  skin— or  of  the  quantity  of 
food  which  is  necessary  to  supply  its  place.  If  we  suppose  the  loss 
through  all  these  sources  taken  together  to  be  equal  to  one-half  or  two- 
thirds  of  that  which  is  found  in  the  urine,  then  the  whole  quantity  of  dry 
fibrin  which  the  food  ought  to  contain  would  amount  to  four  and  a  half  or 
five  ounces  in  the  day.  To  supply  this,  we  must  eat  of  bread,  beef, 
cheese,  potatoes,  or  milk,  one  han  more  tlian  the  quantities  already 
specified. 

No  experiments  have  hitherto  oeen  published  from  which  we  can  de- 
termine-the  average  quantity  of  nitrogen  rejected  in  the  excretions  of  the 
horse,  the  cow,  or  the  sheep,  and,  consequently,  the  amount  of  waste 
which  takes  place  in  ordinary  circumstances  in  the  muscles  and  cartilage 
of  these  animals.  If  we  suppose  that  in  the  horse  or  cow  it  is  in  direct 
proportion  to  their  weights,  compared  with  that  of  a  full  grown  man— or 
five  times  greater  than  in  a  man — ^then  the  loss  of  dry  fibrin  would 
amount  to  20  or  25  ounces  in  the  24  hours.  To  supply  this,  the  animal 
must  eat  the  following  quantities  of  oae  or  other  of  the  kinds  of  food  here 
mentioned : — 

120  lbs.  of  mrnips.  17  lbs.  of  clover  hay. 

115    "    of  wheat  straw.  12    "    of  pea  straw. 

75    "    of  carrots.  12     •»    of  barley. 

67     •*    of  potatoes.  10     ••    of  oats. 

20    "    of  meadow  hay.  5     •*    of  beans,  f 

Or  instead  of  the  whole  quantity  of  any  one  of  these,  a  half  or  quarter  or 
any  other  proportion  of  each  may  be  taken,  and  the  animal  will  pro- 

*  flappMinc  th«  wheaten  floor  to  cnntAfo  10  per  cenL  of  glnteo,  and  (he  ebeeee  oae  half 
tli  weight  of  dry  ciird  (aee  al«o  pp.  606  and  631.) 
T  Tbeee  niamben  are  caloulated  from  the  taUe  glTeii  In  p.  831.  f^  r^r^n]r> 
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bably  be  found  to  thrive  better  on  the  mixture  than  if  fed  upon  ao  j  one 

of  diese  kinds  of  food  alone. 

2^.  Quantity  of  fixed  saline  matter  and  of  earthy  phoaphate»  tMek 
the  food  ought  to  eoniain.'^K  full  grown  aiiimal  rejects  in  its  dung,  ite 
urine,  and  its  perspiration,  as  much  saline  and  earthy  matter  as  its 
food  contains,  if  its  body  is  merely  maintained  in  its  existing  cooditioii, 
only  that  which  is  removed  from  it  by  the  daily  waste  is  restored  to  it  In' 
the  dally  food.     Thus  whatever  quantity  of  saline  and  earthy  matter  is 

g resent  in  the  food,  an  equal  quantity  is  found  in  the  excretions  of  the 
ving  animal. 

But  how  much  of  that  which  is  found  in  the  excretions  has  actually 
formed  part  of  the  living  body,  and  been  removed  from  it  in  consequence 
of  the  natural  waste  ?  This  we  have  no  means  as  yet  of  determining. 
It  must  be  considerable,  but  it  varies  with  many  circumstances,  and  the 
experiments  which  have  hitlierto  been  made  and  published  do  not  enable 
us  to  say  liow  much  the  average  waste  really  is,  and  how  much  of  the 
aeveml  more  common  kinds  of  food  ought  to  be  consumed  by  a  full 
grown  anunalf  in  order  to  supply  it  with  the  necessary  daily  pioponioa 
of  sab'ne  and  earthy  substances. 

The  benefits  so  often  derived  from  the  use  of  salt  in  the  feedine  of 
stock  show  how  a  judicious  admixture  of  saline  matter  with  the  food 
may  render  its  other  constituents  more  available  tlian  they  would  other- 
wise be,  to  the  suppon  and  increase  of  the  animal  body. 

§  7.  The  health  of  the  animal  can  he  sustained  only  hy  a  mixed  food. 

From  what  I  have  already  stated,  you  see  that  the  vegetable  food  eaten 
by  a  full  grown  animal  for  toe  puqxwe  of  keeping  up  its  condition  should 
contain—- 

1^.  Starch  or  sugar,  to  supply  the  carbon  given  off  in  respiration. 

2^.  Fat  or  fatty  oiU  to  supply  the  fatty  matter  which  exists  more  or 
less  abundantly  in  tbe  bodies  of  all  animals. 

3°.  Gluten  or  fibrin,  to  make  up  tor  the  natural  waste  of  the  muscles 
and  cartilage. 

4^.  Earthy  phosphates^  to  supply  what  is  removed  from  the  bones  of 
the  full  grown  animal  by  the  daily  waste  ;   and^ 

5°.  Saline  suhstances^^\i\phsd.eB  and  chlorides— to  replace  what  is 
daily  rejected  in  tbe  excretions. 

Hence  the  food  upon  which  any  animal  can  be  fed  ^dth  the  hope  of 
maintaining  it  in  a  healthy  state  must  be  a  mixed  food.  Starch,  or  sucar 
alone,  or  pure  fibrin  or  gelatine  alone,  will  not  sustain  tlie  animal  body, 
because  these  substances  do  not  contain  what  is  necessary  to  build  up  all 
its  parts,  or  to  supply  what  is  daily  given  ofi*  during  respiration  and  in 
the  excretions.  The  skilful  feeder,  merefore,  will  not  attempt  to  main- 
tain  his  stock  on  any  kind  of  food  which  does  not  contain  a  suflScient 
supply  of  every  one  of  the  kinds  of  matter  which  the  body  requtrea. 

Two  other  points  he  will  also  attend  to.  First,  he  will  occasionally 
change  the  kind  of  food,  or  will  vary  the  proportions  in  which  he  gives 
the  difierent  kinds  of  fodder  to  his  feeing  stock.  This  practice  is  founded 
on  the  fact  that,  although  every  crop  he  raises  contains  a  certain  propor- 
tion of  all  the  substances  which  the  animal  requires,  yet  some  contain 
one  of  these  in  larger  quantity  than  others  do,  and  by  an  occanonal 
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change  or  variation  he  may  hope  more  fully  to  supply  to  the  animal  the 
necessary  quantity  of  each. 

Second,  he  will  adapt  the  kind  and  quantity  of  food  to  the  age  of  the 
animal,  and  to  the  other  purposes  for  which  it  is  fed.  This  rule  depends 
partly  upon  the  same  fact,  that  different  vegetables  contain  the  several 
kinds  of  necessary  food  in  different  proportions,  but  in  a  great  degree  also 
upon  the  further  fact,  that  the  animal  requires  these  substances  in  differ- 
ent proportions,  according  to  its  age  and  to  the  special  purpose  for  which 
it  is  fed.  Let  me  direct  your  attention  to  this  lattec  fact  a  littler  more 
at  length. 

§  8.  Of  the  kind  and  quantity  qf  additional  food  required  by  the 
fattening  animal. 

In  the  animal  which  is  increasing  in  size  or  in  weight,  the  food  has  a 
double  fimction  to  perform.  It  must  sustain  and  it  must  increase  the 
body.  To  increase  the  body,  an  additional  quantity  of  food  must  be  con- 
sumed, but  the  kind  or  nature  of  this  additional  food  will  depend  upon 
the  kind  of  increase  which  the  animal  is  making  or  is  intended  to  make. 

One  of  the  important  objects  of  the  stock  farmer  is  to  make  his  full 
grown  animals  lay  on  fat,  so  that  they  may  as  quickly  as  possible,  and 
at  the  least  cost,  be  made  ready  for  "the  butcher.  To  effect  this  object, 
he  adjusts  the  kind  and  quantity  oi  the  food  he  gives,  to  the  practical  ob- 
ject he  wbhes  to  attain. 

We  have  already  seen  reason  to  helieve,  that  the  natural  and  imme- 
diate sotirce  of  the *^ fat  of  animals  is  in  the  oily  matter  which  the  food 
contains.  If  we  wish  only,  or  chiefly,  to  lay  on  fat,  therefore,  we 
ought  to  give  some  kind  of  food  which  contains  a  larger  proportion  of 
fatty  matter  than  that  upon  which  the  animal  has  been  accustomed  to 
live.  This  is  what  the  practical  man  has  actually  learned  to  do.  To 
his  sheep  and  oxen  he  gives  oil-cake  or  linseed  oil  mixed  with  chopped 
straw,  to  his  dogs  cracklinfi;s,*  to  his  eeese  and  turkeys  Indian  com, 
which  contains  much  oil,  and  to  his  pouhry  beef  or  mutton  suet. 

Many  experiments  are  yet  wanting  to  'determine  with  accuracy  the 
proportion  oi  fat  contained  in  all  the  different  kinds  of  food  usually  con- 
sumed by  animals.  Nearly  all  we  yet  know  upon  this  subject  is  ex- 
hibited in  the  tabular  view  of  their  composition  to  which  I  have  already 
directed  ^rour  attention  (p.  531.) 

One  tlung,  however,  of  considerable  practical  value  has  been  recently 
ascertained^that  the  oily  matter  of  seeds  exists  chiefly  near  their  outer 
surface, — in  or  immediately  under  the  skin  or  husk.  This  fact  is  shown 
in  the  case  of  wheat,  by  the  following  results  of  the  examination  of  two 
varieties  of  this  grain,  one  grown  near  Durham,  the  other  in  France. 
The  result  as  to  £e  French  grain  is  given  by  Dumas  :— 

PSS  OBNTACUI  OF  rATTT  OIL. 

Fine  flour    ...  1*5  1*4 

Pollard    ....  2-4  4-8 

Boxings  .     •    •     •  3'6  -•" 

Bran 3-3  5*2 

"  Craeklinci  are  th«  akinnir  ptftt  of  the  nieC  fhnn  which  the  teOow  has  been  lor  the  mott 
pert  oqueojsed  out  bv  the  taUow  ehandlert.  Might  cattle  noc  be  fctteoed  upon  craclcUiiai 
enuihed  and  mixed  with  their  other  fbodi  Mifht  not  soma  dkaorp  fiiietlas  ofoQ  also  M 
lyxad  wUh  Outt  food  ibr  tJbM  iMi-nnan  o£  fiytSBlii& 

^■•■•^  www  v^*  "»»,•  m^  m^  f^'mji  •■•  w»  t^m^mt^^  uigiuzeu  oy  x_j  v.'^/X  "-^ 
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This  fact  of  the  existence  of  more  fat  in  the  hnsk  than  in  the  inner 
part  of  the  grain,  explains  what  often  seems  inexplicable  to  the  practical 
QUia— why  bran,  namely,  which  appears  to  contain  little  or  no  nourish- 
ing substance,  should  yet  fatten  pigs  and  other  full  grown  animals,  when 
given  to  them  in  sufficient  quantity  along  with  their  other  food.  It  also 
explains  why  rice  dust  should  be  found  to  fatten  stock,*  though  the 
cleaned  and  prepared  rice  contains  but  little  oil,  and  is  believeil,  there- 
fore, to  be  unfitted  for  laying  on  fat  upon  animals  with  any  degree  of 
rapidity.  No  doubt  the  dust  from  pearl-barley  and  from  oats,  as  well  as 
the  husk  of  these  grains,  might  be  economically  employed  by  the  stock 
feeder  where  they  can  readily  be  obtained. 

§  9.  SAnd  and  quantity  of  additional  food  required  by  a  growing 
animal. 

l?he  young  and  growing  animal  requires  also  that  its  food  should  be 
adjusted  to  its  peculiar  wants.  In  infancy  the  muscles  and  bones  in- 
crease rapidly  in  size  when  the  food  is  of  a  proper  kind.  This  food, 
therefore,  should  contain  a  large  supply  of  the  phosphates,  from  which 
bone  is  formed,  and  of  gluten  or  fibrin,  by  wliich  the  muscles  are  en- 
larged. Some  kinds  of  fodder  contain  a  larger  proportion  of  these  phos- 
phates. Such  are  com  seeds  in  general,  and  the  red  clover  among  grass- 
es. Some  again  contain  more  of  the  materials  of  muscles.  Such  are 
beans  and  peas  among  our  usually  cultivated  seeds,  and  tares  and  other 
legumiaous  plants  among  our  green  crops. 

Hence  the  skilful  feeder  or  rearer  of  stock  can  often  select  with  judg- 
ment that  kind  of  food  wliich  will  specially  supply  that  which  the  ani- 
mal, on  account  of  its  age  or  rapid  growth,  specially  requires— or  which, 
witli  a  view  to  some  special  object,  he  wishes  his  animal  specially  to  lay 
on.  Doos  he  admire  the  fine  bone  of  the  Ayrshire  breed? — ^he  will  try 
to  stint  it  while  youns[  of  that  kind  of  food  in  which  the  phosphates 
abound.  Does  he  wisn  to  strenn;then  his  stock,  and  to  enlarge  their 
bones  ? — he  will  supply  the  phosphates  liberally  while  the  animal  is 
rapidly  growing. 

An  interestins;  application  of  these  principles  is  seen  in  the  mode  of 
feeding  calves  adopted  in  different  districts.  Where  they  are  to  be  reared 
for  fattening  stock,  to  be  sold  to  the  butcher  at  two  or  three  years  old, 
they  are  well  fed  with  good  and  abundant  food  froin  the  first,  that  they 
may  grow  rapidly,  attain  a  great  size,  and  carry  much  flesh.  If  starved 
and  stunted  while  young,  they  often  fatten  rapidly  when  put  at  last  upon 
a  fi[erierous  diet,  but  they  never  attain  to  their  full  natural  size  and  weight. 

when  they  are  reared  for  breeding  slock  or  for  milkers,  similar  care  is 
taken  of  them  in  the  best  dairy  countries  from  tlie  first,  though  in  some 
the  allowance  of  milk  is  stinted,  and  substitutes  for  milk  are  early  given 
to  the  young  animals. 

But  it  is  in  rearing  calves  for  the  butcher  that  the  greatest  skill  la 
feeding  is  displayed,  where  Ions:  practice  has  made  the  farmers  expert  in 
this  branch  of  husbandry.  To  tiie  man  who  has  a  calf  and  a  milk  cow, 
the  principal  question  is,  how  can  I,  in  the  locality  in  which  I  am  placed, 
make  the  most  money  of  my  calf  and  my  milk  1  Had  I  better  give 
my  calf  a  little  of  the  milk,  and  sell  the  remainder  in  the  form  of  new 


mmm  wona  f hm  aloQf  with  whmj,  ugmzeu  Df<Tl7^-^  l^    '  ' 
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milk^-or  bad  I  better  make  batter  and  give  the  skimmed  milk  to  my 
calves— or  will  the  veal,  if  I  give  my  calf  all  tlie  milk,  pay  me  a  bet- 
ter price  in  the  end  ?  The  result  of  many  trials  has  shown,  that  in  some 
districts  the  high  price  obtained  for  well  fed  veal  gives  a  greater  profit 
than  can  be  derived  from  the  milk  in  any  other  way. 

While  the  calf  is  very  young— during  the  first  two  or  three  weeks-^ 
Its  bones  and  muscles  chiefly  grow.  It  requires  the  materia U  of  these, 
therefore,  more  than  fat,  and  hence  half  the  milk  it  gets,  at  first,  may  be 
skimmed,  and  a  little  bean  tpeal  may  be  mixed  with  it  to  add  more  of 
the  casein  or  curd  out  of  which  the  muscles  are  to  be  formed.  The  cos- 
tive eflect'of  the  bean  meki  must  be  guarded  against  by 4vx»sionaI  Bie- 
dicine,  if  required. 

In  the  next  stage,  more  fat  is  necessary,  and  in  the  third  week  at 
latest,  full  milk,  with  all  its  cream,  shnuld  be  given,  and  more  milk  than 
the  mother  supplies  if  the  calf  requires  it.  Or,  instead  of  the  cream,  a 
less  costly  kind  of  fat  may  be  used.  Oil-cake,  finely  crushed,  or  lin- 
seed meal,  may  supply  at  a  cheap  rate  the  fiat  which,  in  the  form  of 
cream,  sells  for  much  money.  And,  instead  of  the  additional  milk,  beab 
meal  in  Isureer  quantity  may  be  tried,  and  if  cautiously  and  skilfully  used« 
the  best  efkcts  on  the  size  of  the  calf  and  the  firmness  of  the  veal  may 
be  anticipated. 

In  the  third  or  fattening  stage,  the  custom  is,  with  the  same  quantity 
of  milk,  to  give  double  its  natural  quantity  of  cream— that  is,  to  supply 
in  this  way  the  fat  which  the  animal  is  wished  chiefly  to  lay  on.  This 
cream  may  either  be  mixed  directly  with  the  mother's  milk,  or,  what  is 
better,  the  afterings  of  several  cows  may  be  given  to  the  calf  along 
with  its  food.  For  the  expensive  cream  there  might  no  doubt  be  suIh 
stituted  many  cheaper  kinds  of  fiit  which  the  young  animal  might  be 
expected  to  appropriate  as  readily  as  it  does  the  fat  of  ^e  milk«  Liiir 
seed  meal  is  given  with  economy.  Might  not  vegetable  oils  and  even 
animal  fats  be  made  up  into  emulsions  which  the  calf  would  readily 
swallow,  and  which  would  increase  his  weight  at  an  equally  low  oost  ? 
▲  fat  pease-soup  has  been,  found  to  keep  a  cow  long  in  milk ;  .might  it 
not  be  made  profitable  also  to  a  fattening  calf? 

The  selection  of  articles  of  food  which  will  specially  increase  the- size 
of  the  bones  in  the  growing  animal,  by  supplying  a  large  .quantity 
of  the  phosphates,  is  at  present  limited  in  a  considerable  degree.  Ttib 
grain  of  wheat,  barley,  and  oats  is  the  source  from  which  these  phos- 
phates are  most  certainly  and  most  abundantly  supplied  to  the  animals 
that  feed  upon  them.  But  in  many  cases  corn  is  too  expensive  a  food, 
and  those  kinds  of  corn  which  contain  the  largest  proportion  of  the  phos- 
pbatc3  supply  only  a  comparatively  small  quantity  in  a  given  time  to  the 
growing  animal.  Why  should  not  bone-dust  or  bone-meal  be  ii||rodaced 
as  an  article  of  general  food  for  growing  animals  'i  There  is  no  reason 
to  believe  that  animals  would  dislike  it— none  that  they  would  be  uni^le 
to  digest  it.  With  this  kind  of  food  at  our  command,  we  might  hope  to 
minister  directly  to  the  weak  limbs  of  our  growing  stock,  and  at  pleaswe 
to  provide  the  spare-boned  animal  with  the  materials  out  o^  ^^ch  a 
limb  of  ^re«t  strengdi  might  be  built  up. 

Chemical  analysis  comes  further  to  oiir  aid  in  pointing  out  the  kiod' 
of  ibod  we  ought  to  give  for  the  purpose  of  increanng  this  or  that  pait 
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of  tne  animal  body.  Thus  in  regard  to  the  same  growth  of  bone,  it  ap- 
pears that,  while  linseed  and  oSur  oil  cakes  are  mainly  used  with  the 
view  of  adding  to  the  fat,  some  varieties  are  more  fitted  at  the  same  time 
to  minister  to  the  growth  of  bone  than  others  are.  Thus,  four  varieties 
of  oil-cake  examined  in  my  laboratory,  contained  respectively  of  earthy 
phosphates  and  of  other  inorganic  matter  in  100  lbs.  the  following  quan- 
tities:— 

PU  OSMTAQB  OF 

Earikjf  photpluaea.  Other  imrganie  maiUr, 

British  linseed  cake     .     .    2*86  2*86 

Dutch        do.  .     ,     2-70  2-64 

Poppy' cake       ....     6-22  1-24 

Dodder  cake      ....     6-67  3-37 

The  numbers  in  the  first  column,  opposite  to  poppy  and  dodder  cake« 
•how  that  these  varieties  of  oil-cake  contained  a  much  larger  proportion 
of  the  phosphates  than  the  others  did,  and  consequently  that  an  equal 
weight  of  them  would  yield  to  growing  stock  more  of  those  substances 
which  are  specially  required  to  build  up  their  increasing  bones. 

§  10.  Kind  and  quantity  of  additional  food  required  by  a 
pregnant  animal. 

The  food  of  the  pregnant  animal  must  sustain  the  full-grown  mother, 
and  must  add  at  the  same  time  to  the  substance  of  her  unborn  young* 
The  quantity  oCfood  which  is  necessary  to  sustain  the  mother — if  herself 
full-grown,  which  is  often  far  from  being  the  case— varies  with  many 
circumstances. 

It  is  said  that  in  the  stall  an  ox  or  a  cow  will  eat'one-fifth  of  its  weight 
of  turnips  in  a  day,  or  one-fiftieth  of  dry  food,  such  as  hay  and  straw. 
With  this  allowance  of  food  the  animal  would  probably  increase  in 
weight  in  some  degree, — but  according  to  Riedesel  one-sixtieth  of  its 
weight  of  dry  hay  is  necessary  merely  to  sustain  it.  From  what  we 
have  already  seen  of  the  composition  of  the  different  grasses,  it  is  obvi- 
ous that  the  quantity  required  will  be  much  affected  by  the  kind  of  hay 
with  wliich  the  animal  is  fed. 

To  nourish  the  young  calf  in  the  womb  of  its  mother,  an  additional 
quantity  of  fbo4  must  be  given,  and  this  quantity  must  be  increased  as 
me  state  of  pregnancy  advances.  And  thougli  the  kind  of  additional 
food  which  is  given  must  readily  supply  the  materials  of  the  growing 
bones  and  muscles  of  the  foetus,  yet  it  must  eontain  also  a  larger  quan- 
tity of  starch  or  sugar  also  than  the  mother  in  her  ordinary  state  would 
require.  This  is  owing  to  the  circumstance  that  the  mother  must  now 
breathe  for  two  animals,  for  herself  and  her  young.  The  quantity  of 
blood  isincreased,  more  oxygen  is  taken  in  by  the  lungs,  and  more  carbon 
is  given  off  in  the  form  of  carbonic  acid.  To  supply  this  carbon,  more 
of  farinaceous  or  saccharine  food  must  be  eaten  from  the  time  when 
pregnancy  takes  place,  and  it  must  increase  as  the  young  animal  en- 
larges in  size. 

Except  in  the  way  of  feeding  the  mother,  in  all  respects  well,  I  am 
not  aware  that  any  experiments  have  been  made  with  the  view  of  ape- 
eially  afiecting  the  condition  of  the  future  calf  by  the  kind  of  food  given 
to  the  mother.    A  certain  proportion  of  bone  and  muscle  no  doubt  must 
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be  sapplied  to  the  young  animal  by  the  food  given  t6  the  mother,  or  tlm 
bones  and  musclee  of  the  mother  herself  will  be  laid  under  contributioD  to 
supply  it — ^but  it  does  not  appear  impossible  to  afiect  the  size  of  the  bone 
by  the  quantity  of  phosphates  which  are  given  in  the  food,  or  the  giowtli 
and  development  of  the  muscles  by  that  of  die  gluten,  fibrin,  or  casein 
with  which  the  mother  is  fed.  Might  not  an  addition  of  bone-riiedl  to  the 
food  of  the  pregnant  cow  give  a  calf  of  larger  bone  ?  Would  not  bean* 
meal  or  skim-milk  add  to  the  size  of  its  muscles? 

§  11.  JSind  and  quantily  of  additional  food  required  by  a,  • 
miunng  amimal* 

After  the  young  animal  is  bom;  the  mother  has  still  to  feed  it  with  her 
milk.  And  a;^the  calf  grows  rapidly,  the  food  it  requires  increases  daily 
with  its  bulk,  and  the  demands  upon  the  mother  therefore  every  day  be- 
come greater.  At  this  period,  therefore,  the  cow  must  obtain  laiger  sup- 
plies of  food  to  sustain  herself  and  to  produce  a  sufficient  quantity  of 
milk  for  her  calf  than  at  any  other  period.  If  these  adequate  supplies 
are  not  given,  a  portion  is  daily  taken  from  her  own  substance— her  body 
becomes  leaner,  and  her  limbs  more  feeble,  while  her  young  also  is 
stinted  and  puny  in  its  growth. 

By-and-bye,  however,  the  calf  begins  to  pick  up  food  for  itself.  It 
begins  to  live  partly  upon  vegetables.  The  mother  is  in  consequence 
relieved  of  a  part  of  her  burden — her  udders  are  less  drawn  upon — ^the 
quantity  of  milk  secreted  becomes  less — she  begins  again  to  lay  muscle 
and  fat  upon  herself— her  udders  at  length  become  dry,  and  she  slowly 
recovers  her  original  plump  condition.  She  has,  indeed,  at  this  period  a 
tendency  to  fatten  if  the  same  supply  of  food  is  continued  to  her,  and 
in  many  districts  it  is  customary  to  feed  her  off  at  this  time  for  the 
butcher. 

What  I  have  already  said  of  the  arrifices  by  which  the  food  given  to 
the  cow  may  possibly  be  made  to  aflfecl  the  bodily  character  of  the  future 
calf,  applies  equally  to  the  means  of  more  or  less  efiectually  ptomociog 
the  growth  of  the  younc  animul  while  it  is  fed  solely  upon  milk.  The 
kind  of  food  given  to  Uie  mother  may  make  the  milk  richer  in  curd, 
which  will  promote  the  growth  of  muscle— or  richer  in  phosphates,  by 
which  the  enlargement  of  the  bones  of  the  calf  will  be  assisted.  Scarcely 
any  two  samples  of  milk,  indeed,  are  found,  upon  analysis,  to  contain 
the  same  proportion  of  phosphates  and  of  other  saline  substances,  and 
there  is  little  reason  to  doubt  that  if  an  unusual  quantity  of  these  be  given 
in  the  food  of  the  mother,  an  unusual  quantity  will  be  foiind  also  in  the 
milk  she  produces. 

For  the  production  of  milk  tlie  mother  requires  an  adequate  additional 
supply  of  all  the  substances  which  we  have  seen  to  be  necessary  to  the 
support  of  the  unbora  foetus— of  the  starch  as  well  as  of  the  gluten  and 
saline  substances,  of  the  food.  But  it  is  interesting  to  mark  the  very  dif- 
ferent purposes  to  which  the  additional  supply  of  starch  in  her  rood  is 
now  applied. 

The  pregnant  mother  requires  this  starch  to  supply  the  carbon  given 
ofi*  more  (£undantly  during  her  increased  respiration.  She  breathes,  as 
I  have  already  said,  for  her  young  and  for  herself;  and  thereforo  gives 
off*  more  carbon  from  her  lungs. 
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Bat  when  the  young  animal  is  born  it  breathoB  for  itieU^    It  i 
therefore,  be  eapphed  with  that  kind  of  food  which  aeems  specially  in- 
tended to  meet  the  wants  of  respiration. 

The  additional  starch  eaten  by  the  mother,  therefore,  instead  of  being 
breathed  away  in*  her  own  lungs,  is  caaveyed  in  the  form  of  sugar  into 
the  food  of  the  yoiing  animal.  It  is  changed  into  the  sugar  of  tlM  milk, 
and  the  natural  function  of  this  sugar  is  to  supply  the  carbon  which  the 
younc  animal  gives  off  when  it  becins  to.breatne  for  itself. 

It  IS  not  difficult  to  understand  the  kind  of  process  by  which  the 
starch  of  the  mother's  food  is  conceited  into  the  sugar  of  her  milk.    If  lo 
2  of  starch  =  34C  +  26H  +  20O, 

we  add  4  of  water  =  4H  4-    40, 

.  « 

we  hare  24C  +  24H  +  240.  which  is  the  formula  for 

milk  sugpr*  In  passinff  through  the  digestive  oraans  of  the  cow,  there- 
tbcB,  the  elements  of  ue  2  of  starch  require  omy  to  be  combined  with 
thode  of  4  of  water  to  be  converted  Into  the  suffar  of  milk. 

But  though  it  is  not  difficult  to  understand  in  what  way  this  change 
may  be  effected,  yet  it  is  exceedingly  interesting  to  Jind  that  such  a 
chemical  change  as  this  should  he  made  to  eommenee  at  a  eertam  speeud 
qfoch  wUh  a  view  to  a  certain  special  end* 

Milk  is  a  perfect  food  for  a  growing  animal,  containing  the  curd  which 
is  to  form  the  muscles,  the  butter  which  is  to  supply  the  fat,  the  phoe- 
phales  which  are  to  build  up  the  bones,  and  the  sugar  which  is  to  feed 
the  respiration.  Nothing  is  wanting  in  it.  The  mother  selects  all  the 
kigredients  of  this  perfect  food  from  amonic  the  useless  substances  which 
are  mingled  in  her  own  stomach  with  the  food  she  eats— ebe  changes 
these  in^edients  chemically  in  such  a  degree  as  to  present  them  to  the 
young  animal  in  a  state  in  which  it  can  most  easily  and  with  least  labour 
employ  them  for  sustaining  its  body— -and  all  this  she  begins  to  do  at  a 
ffiven  and  appointed  moment  of  time.  HoW  beautiful,  how  wonderfiil, 
how  kindly  provident  is  all  this  I 


But  apart  from  its  natural  use  in  the  economy  of  nature,  milk  may  be 
regarded  as  an  article  of  manufacture— an  important  article  of  agncul- 
tural  husbandry.  As  a  mere  producer  of  milk  for  other  purposes  than 
the  feeding  of  calves,  the  cow  will  be  diflTerently  fed  accoiding  to  the  pur- 
pose for  wnich  her  milk  is  intended  to  be  Employed,  or  (he  form  in  wbidi 
U  is  to  be  carried  to  market. 

a.  The  4oipn  dairyman,  who  sells  his  new  milk  to  daily  customers, 
requires  quantity  rather  than  nuality.  He  gives  his  cattle,  therefore, 
succulent  food  in  w>:th  water  abounds — ^green  grass— forced  rapidly  for- 
ward by  irrigation  or  otherwise— green  clover,  young  rye,  brewers* 
grains,  or  hay  tea.*  In  this  way,  without  the  actual  addition  of  water, 
he  can  make  his  milk  thin,  and  increase  its  bulk. 

5.  Those,  again,  who  desire  much  rich  cream,  or  who  grow  milk  for 

'  A  mixed  haj  tm  and  pease  aoap 

'""  "ty  Into  a  pot  In  al 

I  water  and  brinftng  lo  a  boiL 


«.13  !?*"•*  J*'J*^  ?"*^  P*~«  «>"R?  ^^^^  *•  exctBem  for  making  covii  gHa  mOk,  U  nn. 
S1212L?1'^.'*5^  *"***  ■  PP'  *"  aliemate  layers,  •prtokUos  betiraA  each  a  bandAd  «f 
P«Me.maal,  adding  watar  and  brinftnglo  a  boU.  ^^ 
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I  the  manufaeture  of  htUter,  pay  less  attention  to  the  bulk  of  the  mOk 

itself  than  to  that  of  the  cream  they  can  collect  from  its  surface.  The 
proportion  of  butter  is  increased  by  the  use  of  food  which  contains  much 
fatty  matter— of  any  of  those  kinds  of  food,  indeed,  by  which  an  ox  can 
be  made  rapidly  to  lay  on  fat.  Oil-cake  has  by  some  been  objected  to 
as  likely  to  eive  a  taste  to  the  milk,  but  it  may  be  sa&ly  used  in  smsdl 
quantity,  and  gives  an  abundant  and  good  flavoured  cream. 

c.  In  fkeue  oowUrUiy  again,  it  is  Sie  curd  that  is  chiefly  in  request. 
No  doubt  the  value  of  a  cheese  depends  much  upon  the  proportion  of 
batter  it  contains  diffused  throughout  itti  substance,  but  the  weight  of 
ehoese  produced  upon  a  farm  depends  mainly  upon  the  ouantity  of  curd 
which  the  milk  of  the  dairy  yields.  Where  skim-milk  cneese  is  made, 
the  weight  of  produce  obtained  depends  almost  solely  upon  the  richnesA 
of  the  milk  in  curdy  matter.  Clovers,  vetches,  and  pea  Bti%w  abound  in 
casein  or  vegetable  curd,  and  thus  sive  a  rich  and  productivo  milk  to  the 
cheese  maker,  while  bean-meal  and  pease-meal,  in  so  far  as  they  tan  be 
civen  to  the  cow  with  safety,  may  with  advantage  be  employed  to  pro- 
duce the  same  effect.  As  every  thing  which  tends  to  lay  on  fat  on  the 
animal  is  likely  also  to  increase  the  proportion  of  butter  in  its  milk,  so 
every  thing  which  promotes  the  growth  of  muscle  will  also  add  to  the 
richness  of  the  milk  in  curd  or  cheese. 

§  12.  Infiuenec  of  $ize^  condition^  wanntk,  exercise^  and  lightf  on  Ac 
quantity  of  food  necessary  to  make  up  for  the  natural  waste. 

But  the  quantity  of  food  of  any  kind  whidi  an  animal  will  require  is 
affected  by  many  circumstances.     Thus— 

1°.  The  size  and  eondUion  of  the  animal  will  reculata  very  much  the 
quantity  of  food  which  is  necessary  to  sustain  it.  The  larger  the  mus- 
cles and  bones  the  greater  will  be  the  daily  waste,  and  the  greater  the 
quantity,  therefore,  of  the  (bod  necessary  to  replace  it.  If  an  animal  re- 
quire a  50th  or  a  60th  of  its  weight  of  dry  food  daily,  of  course  his  size 
and  weight  will  regulate'  almost  entirely  the  quantity  of  food  he  ought  to 
eat. 

A  knowledge  of  this  cifcumstance  is  oocasumally  of  economical  value 
.     to  the  stock  feeder  or  dairy  farmer,  and  will  modify  very  much  the  line 
of  conduct  he  may  be  inclined  to  i^pt  as  the  most  profitable. 

A  large  animal  requires  more  food  to  keep  it  in  its  actual  condition — 
to  make  up,  that  is,  for  the  natural  waste.  If  you  wish  to  convert  much 
produce  into  much  rich  dung,  therefore,  keep  large  animals.  They  will 
cmivert  a  large  quantity  of  vegetable  matter  into  manure  without  adding 
any  thing  to  their  own  sul^stance.  If  one-fiftieth  of  its  weight  of  dry 
food  be  necessary  to  sustain  it,  then  an  animal  of  100  stones  weight  will 
convert  two  stones  of  hay  daUy  into  dung.  Whatever  it  eats  beyond  the 
two  stones,  will  go  to  the  increase  of  its  weight. 

But  a  small  animal,  of  60  stones,  requires  only  one  stone  a  day  to  sus- 
tain Its  body,  or  converts  one  stone  whcily  into  cning.  AVhatever  it  eats 
beyond  this  quantity,  therefore,  will  go  to  the  production  of  increased 
beef  and  bone.  Hence,  if  I  have  a  given  quantity  of  vegetable  producct 
(  ought  to  be  able  to  manufacture  more  beef  from  it  by  the  use  of  small 
cattle  than  of  large,  provided  my  large  and  small  stock  are  equally  pave 
in  breed,  are  equally  quiet,  and  are  as  kindly  feeders. 
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The  same  reasoning  applies  to  dairy  cows  of  different  breeds.  If  I 
give  two  stones  of  hay  to  a  smail  Shetland  cow,  she  may  not  convert 
more  than  one  of  them  into  dung,  the  other  she  may  consume  for  the 
production  of  milk.  But  if  I  give  the  same  quantity  to  a  cow  of  double 
the  size,  nearly  the  whole  two  stones  may  be  converted  into  dung— -may 
be  employed  in  sustaining  the  animal— cmd  if  she  yield  any  milk  at  all, 
it  will  be  poor  and  thin. 

This  reasoning  accounts  for  the  fact  which  has  been  kmg  observed, 
that  small  breeds  of  cattle  give  the  richest  milk,  and  that  such  as  the 
small  Orkney  breed  yield  the  largest  produce  of  butter  and  cheese  from 
the  same  quantity  of  food.  They  wasle  less  of  their  food  in  sustaining 
their  own  bodies.  Lean,  spare  cows  also  require  less  to  sustain  them ; 
and  hence  the  skin-and-bone  appearance  of  the  best  milkers  fimoog  the 
Ayrshire  and  Aldemey  breeds. 

2^.  The  quantity  of  exercise  which  an  animal  takes,  or  of  fatigue  it 
is  made  to  undergo,  requires  a  proportionate  adjustment  in  the  auaotity 
of^.food.  The  more  it  is  exercised  tlie  more  frequently  it  breatiies,  the 
more  carbon  it  throws  oflffrom  its  lungs,  the  more  starch  or  susar  con- 
sequently its  food  must  contain.  If  more  is  not  given  to  it,  £e  &t  or 
other  parts  of  the  body  will  be  drawn  upon,  and  the  animal  will  become 
leaner. 

Again,  the  natural  waste  of  the  muscles  and  bones  is  said  to  be  caused 
by,  or  at  least  to  be  in  proportion  to,  the  degree  of  motion  to  which  the 
several  parts  of  the  body  are  subjected.  Take  more  exercise,  therefore, 
move  one  or  more  limbs  oflener  than  usual,  and  a  larger  part  of  the  sub- 
stance of  these  limbs  will  be  decomposed,  removed,  and  rejected  in  the 
excretions.  Hence  the  reason  why  hard  work  requires  good  food,  and 
why  the  strength  of  all  animals  is  diminished,  if^they  be  subjected  to 
great  fatigue  and  are  not  in  an  equal  degree  supplied  with  nourishing 
food,  by  which  the  wasting  narts  of  the  body  may  be  again  built  up. 

3°.  The  degree  of  toarmtk  in  which  the  animal  is  kept,  or  the  tem- 
perature of  the  atmosphere  in  which  it  lives,  affects  also  the  quantity  of 
food  which  the  animal  requires  to  eat.  The  heat  of  the  animal  is  inse- 
parably connected  with  its  respiration.  The  more  frequently  it  breathes, 
the  warmer  it  becomes,  and  the  more  carbon  it  throws  off  from  its  lungs. 
It  is  believed,  indeed,  by  many,  that  the  main  purpose  of  respiration  is  to 
keen  up  the  beat  of  the  body,  and  that  this  heat  is  produced  very  much 
in  tne  same  way  as  in  a  common  fire,  by  a  slow  combustion  of  tnat  car- 
bon which  escapes  in  the  form  of  cart)omc  acid  from  the  lungs.  Place  a 
man  in  a  cold  situation,  and  he  will  either  starve  or  he  will  adopt  some 
means  of  warming  himself.  He  will  probably  take  exercise,  and  by  this 
means  cause  himself  to  breathe  quicker.  But  to  do  this  for  a  length  of 
time,  he  roust  be  supplied  with  more  food.  For  not  only  does  he  give 
off  more  carbon  from  his  lungs,  but  the  exercise  he  takes  causes  a  greater 
natural  waste  also  of  the  substance  of  his  body. 

So  it  is  with  all  animals.  The  greater  the  difference  between  the  tem- 
perature of  the  body  and  that  of  the  atmosphere  in  which  they  live,  the 
more  food  they  require  to  •*  feed  the  lamp  of  life" — ^to  keep  them  warm, 
that  is,  and  to  supply  the  natural  waste.  Hence  the  importance  of  plan- 
tations as  a  shelter  from  cold  winds  to  grazing  stock— of  open  sheds  to 
protect  fattening  stock  from  tiie  nightly  dews  and  colds— and  even  c^ 
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closer  eovering  ta  quiet  and  gentle  breeds  of  cattle  or  sheep,  which  feed 
without  restlessness  and  quickly  fatten. 

A  proper  attention  to  the  warmth  of  his  cattle  or  sheep,  therefore,  is  of 
great  practical  consequence  to  the  feeder  of  stock.  By  keeping  them 
warm  he^diminishes  the  quantity  of  food  which  is  necessary  to  sustain 
them,  and  leaves  a  larger  proportion  for  the  production  of  beef  or 
mutton. 

Various  experiments  have  been  lately  published,  which  confirm  the 
opinions  above  deduced  from  theoretical  considerations.  Of  these  I  shall 
.  only  mention  one  by  Mr.  Cbilders,  in  which  20  sheep  were  folded  in 
the  open  field,  and  20  of  nearly  equal  weight  were  placed  under  a  shed 
in  a  yard.  Both  lots  were  fe*d  for  three  months — January,  February, 
and  March— 'Upon  turnips,  as  many  as  they  chose  to  eat,  half  a  pound 
of  linseed  cake,  and  half  a  pint  of  barley  each  sheep  per  day,  with  a 
little  hay  and  salt.  The  sheep  in  the  field  consumed  the  same  quantity 
of  food,  all  the  barley  and  oil-cake,  and  about  19  lbs.  of  turnips  per  day, 
from  first  to  last,  and  increased  on  the  whole  36  stones  8  lbs.  Those 
under  the  shed  consumed  at  first  as  much  food  as  the  others,  but  afler 
the  third  week  they  eat  2  lbs.  of  turnips  each  less  in  the  day,  and  in  the 
ninth  week,  again  2  lbs.  less,  or  only  15  lbs.  a  day.  Of  the  linseed-cake 
they  also  eat  about  one-third  less  than  the  other  lot,  and  yet  they  in- 
creased in  weight  56  stones  6  lbs.,  or  20  stones  more  than  the  others. 

Thus  the  cold  and  exercise  in  the  field  caused  the  one  lot  to  convert 
more  of  their  food  into  dung,  the  other  more  of  it  into  mutton. 

But  why  did  the  sheltered  sheep  also  consume  less  food  ?  Why  did 
they  not  eat  the  rest  of  the  food  offered  them,  and  convert  it  also  into 
mutton  ?  Because  the  stomach  of  an  animal  will  not  do  more  than  a 
certain  limited  iamount  of  work  in  the  way  of  digesting,  after  the  wants 
of  the  body  are  fully  supplied.  When  circumstances  cause  tlie  sustain- 
ing quantity  of  f(X)d  to  increase,  the  digestive  powers  are  stimulated  into 
unusual  activity,  and  though  plenty  of  food  be  placed  before  the  animal 
it  may  be  unable  to  consume  and  digest  more  than  is  barely  sufficient  to 
keep  It  in  condition.  If  the  sustaining  portion  be  lessened,  by  placing 
the  animal  in  new  circumstances,  more  food  may  be  digested  than  is  ab- 
solutely necessary  to  supply  the  daily  waste — that  is  to  say,  the  animal 
may  increase  in  weight.  But  the  unusual  stimulus  being  removed,  it 
may  not  now  be  inclined,  perhaps  not  be  able,  to  digest  so  large  a  quan- 
tity as  it  did  befo(2B  when  that  large  quantity  was  necessary  to  sustain  its 
body — that  is  to  say,  that  while  it  increases  in  weight  it  will  also  con- 
sume less  food. 

4°.  The  absence  cf  Light  has  also  a  material  influence  upon  the  eflects 
of  food  in  increasing  the  size  of  animals.  Whatever  excites  attention  in 
an  animal,  awakens,  dbturbs,  or  makes  it  restless,  appears  to  increase 
the  natural  waste,  and  to  diminish  the  effect  of  food  in  rapidly  enlarging 
the  body.  The  rapidity  with  which  fowls  are  fattened  in  the  dark  is 
well  known  to  rearers  of  poultry.*  In  India,  the  habit  prevails  of  sew- 
ing up  the  eyelids  of  the  wild  hog-deer,  the  spotted  deer,  and  other  wild 

*  It  Is  aatooiahiog  with  what  rapMlty  fowls  (dorkinffs)  Increue  when  well  fed,  kept  In  con- 
fined cribs,  and  in  a  darkened  room.  Fed  ou  a  mixture  of  4  Um.  of  oatmeal,  1  It),  of  sneL 
•nd  I  lt>.  or  Biiicar,  with  milk  for  drink  five  or  sixlimea  a  day  In  summer,  a  dorklns  wlU  add 
to  Its  weight  2  Iba.  in  a  week,  aomerimes  \\  lbs.  in  four  days.  A  young  turkey  wUl  lay  on  3 
jam.  a  week,  under  the  same  ireatment 
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nnirr^alfl  when  netted  in  the  jungles,  with  the  view  of  taming  and  speedily 
fattening  them.  The  alisence  oflivht  indeed,  howeve'r  produced,  seenos 
to  soothe  and  aniet  all  animals,  to  dispose  them  to  rest,  to  make  less  food 
necessary,  ana  to  induce  them  to  store  up  more  of  what  they  eat  in  the 
form  of  fat  and  muscle. 

An  experiment  m  ide  by  Mr.  Morton,  on  the  feeding  of  sheep,  shows 
the  effect  at  once  of  shelter,  of  quiet,  and  of  the  absence  of  light  upoD 
the  quantity  of  food  eaten  and  of  mutton  produced  from  it. 

Five  sheep,  of  nearly  equal  weights,  were  fed  each  with  a  pound  of 
oats  a-day  and  as  niucn  turnips  as  they  cliose  to  eat.  One  was  fed  in 
the  open  air,  two  in  an  open  shed^one  of  them  being  conGned  in  a  crib— ' 
two  more  were  fed  in  a  close  shed  in  the  dark— «nd  one  of  these  also  was 
confined  in  a  crib,  so  as  to  lessen  as  much  as  possible  the  quantity  of  ex- 
ercise it  should  take.  The  increase  of  live  weight  in  each  of  the  five, 
and  the  quantity  of  turnips  they  respectively  consumed,  appear  in  the 
following  table  :^- 


Litn  waisBT. 

iraite!^ 

looroase. 

Tomip* 

Nov.  la     March  9. 

■^ 

eaten. 

tamlpa. 

lbs.           lbs. 

lbs. 

lbs. 

Ibi 

108         13W- 

937 

1912 

1-2 

lOa         120-8 

97-8 

1394 

SK) 

106         130*2 

22-2 

4238 

1-8 

104         1324 

28-4 

886 

31 

111         131-3 

20-3 

886 

2-4 

Unsheltered 

In  open  sheds    .... 
Do.,  but  confined  in  cribs 
In  a  close  shed  in  the  daric 
Do.,  but  confined  in  cribs 

From  this  table  it  appears,  as  we  should  have  expected*— 

a.  That  much  less— one-third  ]ess«-turnips  was  eaten  by  the  animal 
which  was  sheltered  by  the  open  shed,  than  by  that  which  was  withoat 
shelter,  while  in  live  weight  it  gained  four  pounds  more* 

b.  That  in  the  dark  the  Quantity  of  turnips  eaten  was  one-half  lesSt 
and  the  increase  of  weight  a  little  greater  still. 

c.  But  that  when  coiSned  in  cribs — though  the  food  eaten  might  be  a 
litde  less*— the  increase  in  weight  was  not  so  great.  The  animal,  in 
fact,  was  fretful  and  restless  in  confinement,  and  whatever  produces  tins 
effect  upon  an  animal  prevents  or  retards  its  fattening. 

d.  That  the  most  profitable  return  of  mutton  from  the  food  consumed^ 
is  when  the  animal  is  kept  under  shelter  and  in  the  dark. 

Such  a  mode  of  keeping  animals,  however,  must  not  be  entered  upon 
hastil}r  or  without  due  consideration.  The  habits  of  the  breed  must  be 
taken  into  account,  the  effect  of  the  confinement  upon  their  health  must 
be  frequently  attended  to,  and,  above  all,  the  ready  admissbn  of  fresh  air 
and  a  good  ventilation  must  not  be  forgotten.  By  a  neglect  of  the  pro- 
per precautions,  unfortunate  results  have  frequently  been  obtained  and  a 
sound  practice  brought  into  disrepute. 

5^.  VentUatian  and  deanUnt8$  indeed  are  important  helps  to  economy 
in  the  feeding  of  all  animals.  Shelter  and  warmth  will  do  harm,  if  free 
and  pure  air  is  not  admitted  to  the  fattening  stock.  The  same  is  true  of 
cleanliness,  so  favourable  to  the  health  of  all  animals.  The  cleaner 
their  houses  and  skins  are  kept,  the  more  they  thrive  under  any  given 
form  of  treatment  in  other  respects. 
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It  10  not  unlikely  that  turnips,  raised  fircun  bones,  wiU  also  alboand  a»an 
largely  in  phosphates  than  turnips  raised  from  4lung  or  ra|»e  dust,  and 
may  therefore  be  better  fitted  for  growing  stock. 

§  15.  Can  toe  eorreetly  estimate  f^  relative  feeding  properties  of  different 
Jdnd*  of  produce  under  all  circumstanees. 

Since  the  several  nutritive  eflects  of  different  kinds  of  food  are  de- 
pendent upon  so  many  circumstances— upon  the  state  of  the  animal 
Itself— the  purpose  for  which  it  is  fed — ^the  mode  in  which  it  is  housed 
and  protected— >the  form  and  period  at  -which  it  is  givenp«-can  it  be  pos- 
sible to  classify  them  in  an  order  whicb  will  indicate  their  relative  feed- 
ing values  in  all  cases  and  fi>r  all  purposes  ?  This  is  obviously  impos- 
sible. We  may  easily  arrange  them  in  the  order  of  their  relative  valuM 
in  reference  to  some  one  o^  the  several  purposes  for  which  food  is  aivea. 
We  may  shew  in  as  many  different  tables  the  order  of  their  relative 
values  in  laying  on  fat— in  mcreasing  the  muscles— or  in  promoting  the 
growth  of  bone ;  but  we  cannot  arrange  theoretically,  nor  can  experi- 
ment ever  practically  classify,  all  our  common  vegetable  produstions  in 
one  invariable  order  whicb  snail  truly  represent  their  relative  values  in 
reference  to  each  of  these  three  different  points  :— 

1^.  Experimental  voitie^.— This,  however,  practical  writers  have«teo 
attempted  to  do.  Making  their  experiments  in  different  circumstancea, 
with  different  varieties  of  the  same  produce,  upon  different  kinds  of 
stock,  or  upon  animals  fed  for  different  purposes,  they  have  obtained  re- 
sults of  the  most  diversified  kind,  and  have  classified  the  several  kinds  of 
fodder  in  the  most  unlike  order.  I  select  a  few  of  these  results  for  the  sake 
of  illustration.  Taking  10  lbs.  of  meadow  hay  as  a  standard, — then,  to 
produce  an  equal  nutritive  effect,  the  different  quantities  of  each  of  tbe 
other  kinds  of  fodder  represented  by  die  numbers  in  the  following  table 
ought  to  be  used— ^according  to  the  several  anthers  whose  names  aie 
given. 

ExperimenUd  quantitiu  of  fodder  iMch  must  he  used  topToduessm 
equal  ntUritnoe  effect^  acefirding  to— 

P^IrL    TbMt  PMMt   msftK. 


Meadow  hay  .  .  10  10  10  10  10  10  10 
Aftermath  hay  .  11  —  10  .  —  -r-  r-  -~ 
Cloverhay.  .  .  10  10  9  . 9  |iO  —  -^ 
Green  clover  in  flow- 
er and  loceme  .  —  43  —  46  48  —  — 
Lueemehav  ..  9  —  9  9  10  —  — 
Wheaistmw  ..  —  90  36  .  46  90  16  — 
Barieystraw  ..  40  19  18  40  90  16  — 
^      /  --*  '^  90  40  90  16  — 

90  13  16  16  — 


Oat  straw 
Pea  straw 
Potatoes 
Old  potatoes 
Carrots 
Tomips 
Wheat 
Bailey 
Oats  . 


.^ 

90 

40 

19 

40 

90 

16 

90 

99 

40 

97 

37 

46 

63 

4 

3 

— 

8 

m^ 

4 

90  90  90  16  <*- 

96  30  ^.  ^  34 

60  53  46  99  80 

5  6  —  —  — 

6  —        «  6  — 


7—6 
From  an  inspeedon  of  iMa  table,  we  i^onld  naturally  conclude  (qitner 
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tfiat  the  difbrant  kinds  of  (odder  vary  very  much  in  qoafity,  or  that  ihoae 
who  determined  their  relative  yaliiee  by  experimeDt  must  have  tried 
their  eSEhdM  apoo  very  different  kinds  of  stock,  fed  probably  also  for  dif- 
fisrent  porposai.  Both  of  these  cooclusiona  are  no  doubt  true.  We 
know  tnat  the  same  kind  of  produce  does  vary  very  mudi  in  chemical 
constitution,  but  it  is  not  likely  that  difierent  samplesof  the  same  kind  of 
turnip  are  so  unlike  each  other  that  29  lbs.  of  the  one  will  go  as  far  in 
feeding  the  same  animal  as  80  lbs.  of  another.  These  freat  differences 
in  the  table,  therefore,  seem  to  show  that  different  kinds  or  varieties  of 
fodder  have  been  used,  or  under  difierent  drcumstances,  or  results  so  dis- 
cordant could  scarcely  have  been  obtained. 

A  certain  value,  it  is  true,  attaches  to  the  numbers  in  the  table  when 
those  given  by  the  different  authors  nearly  a^[ree.  Thus,  about  20  of 
potatoes  and  30  of  carrots  appear  to  be  equal  in  nutritive  value  to  10  of 
liay.  It  must  be  oonfeand,  however,  that  this  subject  of  the  experimental 
Talue  of  difierent  kinds  of  fiirm  produce  in  feeding  stock  of  the  same 
kind  for  the  $ame  purpo$et  is  still  almost  wholly  unmvestigated.  Will 
none  of  the  skilful  stock  feeders,  of  whom  so  many  are  now  springine 
up,  turn  their  attention  to  this  ioterestiog  field  of  experimental  inquiry  ? 

2^.  TheoreOoal  txiZiies.— But  the  theoretical  values  of  different  kinds 
of  KM  in  reference  to  a  particular  object,  can  be  determined  by  analvtx- 
cal  investigations  made  in  the  laboratory.  This  has  been  done  m  a 
yery  able  manner  by  Bonssingault,  in  reference  to  the  value  of  different 
kinds  of  fodder  tfi  fSfie  produetum  of  muscle.  These  values,  according  to 
his  analyses,  ^sre  as  follow,  10  of  hay  being  again  taken  as  a  standard  :— 
Theoretical  quantiHes  of  different  kinds  of  vegetable  produce  ukick  will 
produce  equal  ^eets  in  the  growth  ofupi^de  {fiousmngay^). 


Hay     ..." 10 

Clover  hay,  cut  in  flower  .    .  8 

Lucerne  do.  .....     .  8 

Aftermath  do.      .    .    ,    .    .  8 

Gieen  clover,  in  flower  •    •    .  34 

Green  lucerne 36 


Potatoes.    .......  28 

Old  potatoes 41 

Carrots 35 

Turnips 61 

White  cabbage 37 

Vetches 2 

Peas 3 

Indian  com 6 

Wheat 5 

Rye 5 

Barley 6 

OatB .  5 

Bran    ........  9 

Oil-cake 2 

It  cannot,  however,  be  relied  upon 
as  a  safe  giiide  in  all  cases  by  the  feeder,  because  of  the  differences  in 
the  composition  of  our  crops,  which  arise  fiom  the  mode  of  culture  and 
the  kind  of  manure  employed.  It  possesses,  however,  a  higher  value, 
from  this  circumstance-*--that  as  muscle  in  most  animals  forms  the  larger 
portion  of  their  bulk,  the  order  in  which  difierent  kinds  of  vegetable  food 
promote  the  growthof  this  oartof  the  body,  may  in  most  cases  be  adopted 
as  the  order  also  of  their  relative  values  in  sustaimng  animals  and  keep- 
ing tiiem  m  ordinary  condition.    The  same  remark,  however,  will  not 


Wheat  Straw 
Rye  straw 
Barley  straw 
Oat  straw  . 
Pea  stsaw  • 

Vetch  straw 7 

Potato  leaves 36 

Carrot  leaves 13 

Oak  leaves 13 

This  table  possesses  much  value. 
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§  13.  hifiuenee  of  the  farm  or  state  in  tcfnck  the  food  is  given  on  the 
quatUity  required  by  an  animal* 

The  state  io  whieh  the  food  is  giveu  to  his  stock  has  often  an  important 
influence  upon  the  profits  of  the  feeder.     Thus — 

1°.  The  sowring  of  the  food,  in  some  cases,  makes  its  use  more  econo- 
mical. Arthur  Young  details  several  series  of  experiments  on  the  fat- 
tening of  pigs,  in  which  bean  meal  was  siven  mixed  with  water  in  the 
sweet  state,  and  afler  it  had  been  allowed  to  stand  several  days  to  sour. 
In  every  case  in  which  it  was  ^ven  sour,  the  pork  obtained  gave  a  profit 
wpon  the  price  of  the  meal,  while  in  every  case  in  which  the  same  meal 
was  given  sweet  and  in  equal  quantity,  the  price  obtained  for  the  pork 
was  less  than  that  which  was  paid  for  tne  meal. 

Upon  sour  food,  indeed,  pigs  are  universally  observed  to  fatten  best. 
In  Holstein,  it  is  customary  to  collect  waste  green  herbage  of  every  kind, 
and  to  let  it  sour  in  water.  It  then  fattens  pigs  which  would  scarcely 
thrive  on  it  before.  During  this  souring  of  vegetable  matter  in  water,  it 
is  lactic  acid-^he  acid  of  milk — ^which  is  chiefly  produced.  This  acid, 
therefore,  would  appear  to  favour  the  increase  of  size  in  the  piff,  and  to 
this  cause  may  be  owing  the  profitable  use  of  sour  whey  in  feeding  this 
kind  of  stock  in  cheese-making  districts. 

I  have  been  told  by  some  cow-feeders  who  use  brewers'  grains,  that 
the  dry  cows,  >vhen  fattening  ofT,  relish  the  grains  most  when  slightly 
sour,  and  fatten  most  quickly  upon  them.  From  others,  however,  I 
have  obtained  a  contrary  opinion,  and  have  been  assured  that  fattening 
stock  of  all  kinds  like  the  grains  best,  and  thrive  best  upon  them,  when 
perfectly  sweet  and  fresh.  It  is  a  matter  of  doubt,  therefore,  whether  or 
not  the  soaring  of  food  generally,  of  all  kinds  and  for  all  kinds  of  stock, 
can  be  'safely  tried  or  fecommended. 

2®.  The  toiling  or  steaming  of  dry  food,  and  even  of  potatoes  and  tur- 
nips, is  recommended  by  many  as  an  economical  practice.  I  believe 
that  the  general  result  of  the  numerous  experiments  wbich  have  been 
made  upon  this  subject  in  various  parts  of  tbe  country  is  in  favour  of 
this  opinion  in  so  far  as  regards  fattening  and  growing  stock.  It  seems  a 
more  doubtful  practice  in  the  case  of  horses  which  are  intended  for  heavy 
and  especiall}r  for  fast  work — ^though  even  for  these  animals  the  use  of 
steamed  food  is  beginning  to  be  adopted  by  some  of  the  most  ej^tensive 
coach  contractors.     [Stephens*  Book  of  the  Farm, ] 

3°.  It  is  a  curious  fact  not  less  worthy  of  tlie  attention  of  the  chemist 
than  it  is  of  the  practical  man,  that  the  age  of  the  food  singularly  aflects 
its  value  in  the  nourishment  of  animals.  Thus  new  oats  are  not  con- 
sidered fit  for  hunters  before  the  months  of  February  or  March.  They 
afliect  the  heels  and  limbs  with  something  like  grease,  and  make  the 
horse  unfit  for  fast  work.  Nor  is  it  merely  water  which  the  grain  loses 
by  the  five  or  six  months'  keeping — for  if  it  be  dried  in  the  kiln  it  is  still 
unfit  for  use,  from  its  stimulating  in  an  extraordinary  degree  the  action 
of  the  kidneys.  Some  chemical  change  takes  place  in  the  interior  of  the 
oat  which  bias  not  yet  been  investigated. 

The  potato,  on  the  other  hand,  by  keeping,  loses  much  of  its  nutritive 
yalue,  even  before  it  has  begun  to  sprout — and  every  feeder  knows  tha» 
turnips  which  l^ive  shot  into  flower,  add  much  less  than  before  to  tlie 
weight  of  his  fattening  stock.  ^^,  ,^^„  ^^  ^v.^^.  .v^ 

26*  ^ 
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( 14.  L^fiuenee  of  aoU  and  cuUwre  an  the  nutritive  value  of  agrieuUmrd 

produce* 

I  have  00  several  former  occasions,  (pages  500  to  528)9  directed  your 
attention  to  the  remarkable  influence  wbich  soil,  culturev  and  climate 
have  upon  the  chemical  composition  of  the  different  com  and  green  crops 
usually  raised  for  food.  Every  such  change  of  composition  alters  also 
the  nutritive  value  of  any  given  crop.  If  the  wheat  or  barley  be  richer 
in  gluten,  it  will  build  up  more  muscle— if  it  abound  more  in  stazch*  a 
smaller  weight  of  it  will  supply  the  carbon  of  respiration— if  it  be  richer 
in  fatty  matter,  it  will  round  on  the  edges  of  the  bones,  and  fill  up  the  in- 
equalities in  an  animal's  body  more  quickly  with  fat.  ^Such  differences 
as  these  I  hr.ve  already  shown  you  do  really  exist  among  samples  of  the 
same  kind  of  grain  grown  upon  soils  either  of  different  quality,  or  of  the 
same  quality  when  differently  cuhivated  or  manured. 

But  this  different  culture  or  manuring  affects  the  relative  piopoitioRi 
of  the  several  kinds  of  inorganic  matter  also— the  phosphates  and  other 
saline  substances^which  are  known  to  exist  necessarily  in  all  vegetable 
productions.  In  illustration  of  this,  I  would  direct  yoiur  attention  to  the 
foUowing  analyses-^made  in  ipy  laboratory  by  Mr.  Frombera— of  the 
ash  of  two  samples  of  the  same  kind  of  turnip  (red  topped  yellow) 
raised  by  Lord  Blantyre,  on  the  same  field,  the  one  with  auano  alone, 
the  other  with  farm-yard  dung  alone.  The  quantity  of -aM  left  by  the 
two  varieties  of  turnip  was  0*63  and  0*7  per  cent,  respectively,  and  this 
ash  was  composed  as  follows  :— 

OmpatUion  of  the  ask  oftvmips  raiaed  wUk  guano^  and  witkfafm-yard  dung. 

OVANO. 

Inter! 
Chloride  of  Potassium 
Sulphate  of  Potash 
Carbonate  of  Potash  . 
Phosphate  of  Potash  . 
■  Lime    . 

Magnesia 
■  Alumina 
Carbonate  of  Lime 

Alumina 

Ox!de  of  Manganese  . 
Silica 


Interior.  Exterior..  Interior.  Extecter. 

556  503  540  10^1 

30R5  3704  3190  36*47 

11-38  9*03  3674  17*63 

20*93  1017  5*51  3-66 

4*55  4*49  1*56  8*08 

0-34  1*63  9*63  3*13 

487  9.94  0^  »76 

9*53  9*79  11*56  14*83 

5*09  979  0*94  0*46 

3^1  590  9^  5.33 

165  343  —  3-04 


'97-95  9916  99H)8  99« 

The  most  striking  difference  between  the  two  varieties  of  ash  is  in  the 
proportion  of  phosphates  they  respectively  contain.  The  ash  of  the 
guano  turnips  contained  from  25  to  30  per  cent,  of  phosphates,  that  of 
Sie  dung  turnips  only  from  9  to  11  per  cent.  This  could  not  fiul  to 
make  an  important  ditiference  in  their  relative  values  for  the  feeding  of 
stock  whose  bones  are  growing,  and  which  require,  therefore,  a  larger 
supply  of  phosphates  in  their  food. 

The  phosphates  of  lime  and  magnesia  form,  as  we  know,  one  of  the 
"valuable  constituents  of  guano,  but  we  could  scarcely  have  inferred  that 
tUs  manure  would  have  caused  so  much  larger  a  propartion  of  these 
pboBphates  to  enter  into  the  constituents  of  the  turnips  raised  with  t^m. 


xrncf  or  aoix  or  ncxmice  on  thx  manure.  €16 

apply  to  animal  food«  niiice  we  may  have  a  kiiMl  of  animal  food,  siidi  te 
fieUtine,  which  would  greatly  promote  the  growth  of  muscle,  but  which, 
from  its  composition,  is  capable  of  ministenng  so  little  to  the  wants  of 
the  other  parts  of  the  body  that  it  will  not  cTeti  support  life  for  any  length 
of  time. 

§  16.  Effect  of  d\ger^t  modes  of  feeding  on  the  manvre  and  on  the  soil'  - 

There  remains  still  one  practical  pomt  in  comiection  with  the  feeding 
of  stock,  to  which  I  think  you  will  feel  some  interest  in  attending. 

«  The  production  of  manure  is  an  object  with  the  European  farmer -of 
almost  equal  importance  with  the  production  of  milk  or  the  fattening  of 
stock.  What  influence  has  the  mode  of  feeding  or  the  purpose  for 
which  the  animal  is  fkl,  upon  the  quantity  and  quality  of  the  manure 
obtained? 

1?.  The  quantity  of  the  manure  depends  upon  the  quantity  of  food 
which  is  necessary  to  sustain  the  animaf.  With  the  exception  of  the 
carbon,  which  escapes  from  the  lungs  in  the  form  of  carbomc  acid,  and 
a  comparatively  small  quantity  of  matter  which  forms  the  perspiration, 
the  whole  of  the  food  which  sustains  the  body  is  rejected  again  in  the 
form  of  dung. 

Now  the  sustaining  food  increases  with  the  size  of  the  animal,  with 
the  coldness  of  the  temperature  in  which  it  is  kept,  and  with  the  quantity 
of  exercise  it  is  compelled  to  take.  Laree,  hardly  worked,  much  driven, 
and  coldly,  housed  animals,  therefore,  if  ample  food  is  given  them,  will 
produce  tne  largest  quantity  of  manure.  It  might  be  possible,  indeed,  to 
keep  large  animals  for  no  other  purpose  but  to  nuuiufacture  manure— by 
giving  them  an  unlimited  supply  of  food,  using  means  to  persuade  them 
to  eat  it,  and  causing  them  at  the  same  time  to  take  so  much  exercise  as 
to  prevent  them  from  ever  increasing  in  weight.  * 

^    2^.  Quality  of  the  manure.^^The  quality  of  the  manure  depends  al- 
most entirely  upon  the  kind  of  food  given  to  an  animal,  and  upon  the 
purpose  for  which  it  is  fed. 
a.  The  fidl'grown  animal,  which  does  not  increase  in  weififat,  returns 

•  in  its  excretions  all  that  it  eats.  The  manure  that  it  forms  is  richer  in 
saline  matter  and  in  nitrogen  than  the  food,  because,  as  I  have  already 
explained  to  you  in  detail  (p.  472),  a  portion  of  the  carbon  of  the  latter 
is  sifled  out  as  it  were  by  the  lungs,  and  dlflused  through  the  air  during 
respiration.  In  other  respects,  whatever  be  the  nature  of  the  food— ^e 
quantity  of  saline  matter  or  of  gluten  it  ointains— the  dung  will  contain 
nearlythe  same  quantities  of  both  or  of  tneir  elements. 

6.  The  case  of  the  fattening  animal  a^n  is  different.  Besides  the 
sustaining  food,  there  is  given  to  the  animal  some  other  fodder  which 
will  supply  an  additional  quantity  of  fat-  If  this  additional  food  be  only 
oil,  then  the  dune  will  be  little  aflected  by  it.  It  will  be  little  richer  than 
the  dimg  of  the  mil-grown  animal  to  which  the  same  sustaining  food  is 
given. 

But  if  the  additional  fbod  contain  other  substances  besides  fat— saline 
substances,  namely,  and  gluten— then  th^se  will  all  pass  into  the  dune 
and  make  it  richer  in  precise  proportion  to  the  quantity  of  this  additionu* 
fbod  which  is  given.    Thus  if  oil-cake  be  given  for  the  purpose  of  laying 
on  fat-^he  usual  sustaining  food  at  the  same  time  being  supplied— the 
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4oDg  will  beenriGhed  by  all  thoae  other  fertilizing  consdtueQts  preeent  in 
the  oil-cake  which  are  not  requiredor  worked  up  by  the  fattening  animal. 

Hence  it  is  that  the  dumt  of  fattening  stock  is  usually  richer  than  that 
of  stock  of  other  kinds.  Oil-cake  would  be  a  rich  manure  were  it  put 
into  the  soil  at  once;  it  is  not  surprising,  therefore,  that  after  it  has 
parted  with  a  portbn  of  its  oil  it  should  still  add  much  to  the  richness  of 
common  dung.  » 

A  knowledge  of  the  kind  of  material,  so  to  speak,  which  the  animal 
requires  to  fatten  it,  explains  in  a  considerable  degree  another  practical 
fact  of  some  consequence  through  wjiich  it  is  not  easy  at  first  sight  to  see 
one*s  way.  There  are  in  various  parts  of  the  island  certain  old  pastures 
whichi  from  time  immemorial,  have  been  celebrated  for  tlieir  fattening 
qualities.  Full-grown  stock  are  turned  upon  them  year  after  year  in  the 
lean  state,  and  after  a  few  months  are  driven  ofTagain  fat  and  plump  and 
fit  for  the  butcher.  This,  I  have  been  told  when  on  the  spot,  has  gone 
>n  time  out  of  mind,  and  yet  the  land,  though  no  manure  is  artificially 
added,  never  becomes  less  valuable  or  the  pasture  less  rich.  Hence  the 
practical  man  concludes  that  the  addition  of  manure  to  the  soil  is  un- 
necessary, if  the  produce  be  eaten  off  by  stock — that  the  droppings  of 
the  animals  which  are  fed  upon  the  land  are  alone  sutBcient  to  maintain 
its  fertility. 

But  the  reason  of  this  continue  J  richness  of  such  old  pastures  is 
chiefly  thls-rthat  the  cattle,  when  put  upon  them,  are  usually  full-grown 
—they  have  already  obtained  their  full  supply  of  bone  and  nearly  as 
much  muscle  as  tkey  require.  While  on  the  fields  they  chiefly  select 
fat  from  the  grasses  they  eat,  returning  to  the  soil  the  phosphates,  saline 
substances,  and  most  of'^the  nitrogen  which  the  grasses  contain.  Their 
bodies  are  no  doubt  constantly  fed  or  renewed  by  new  portions  of  these 
substances  extracted  Crota  the  food-they  eat,  but  they  return  to  the  soil  an 
equal  quantity  from  the  daily  waste  of  their  own  bodies^-and  thus  are 
indebted  to,  and  carry  oflT  the  land,  little  more  than  the  fat  in  whicli 
they  are  observed  dady  to  increase. 

But  as  the  materials  of  the  fat  may.be,  and  no  doubt  originally  are, 
derived  wholly— perhaps  indirectly,  yet  wholly^-from  the  atmosphere, 
the  land  is  robbed  of  nothing  in  order  to  supply  it,  and  thus  may  con- 
tinue for  many  generations  to  exhibit  an  aqual  degree  of  fertility. 

1  give  thb  only  as  a  general  explanation,  by  which  the  difficulty 
may  be  served,  where  no  other  more  likely  explanation  can  be  found 
in  the  local  cirewnstances  of  the  spot,  or  of  the  district  in  which  such 
rich  old  pastures  exist.  * 

c.  The  growing  animil,  again,  does  not  return  to  the  soil  all  it  re- 
ceives. It  not  only  discharges  carbon  from  its  lungs,  but  it  also  extracts 
phosphates  from  its  food  to  iocrease  the  size  of  its  bones,  gluten  to.  swell 
out  its  muscles,  and  saline  substances  to  mingle  with  the  growing  bulk 
of  its  blood.  The  dung  of  the  growing  animal,  therefore,  will  not  be  so 
rich  as  that  of  the  full-grown  animal  fed  upon  the  same  kind  and  quan- 
tity  of  food.  Hence  from  the  fold-yard,  where  young  stock  are  reared, 
the  manure  will  not  be  so  fertilizing,  weight  for  weight,  as  from  a  yard 
in  which  full-grown  or  fattening  animals  only  are  fed. 

d»  The  milk  cow  exhausu  still  further  the  food  it  eats.     In  the  lean 
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milk  oow,  which  has  little  mnflcle  or  fat  to  waste  away,  aod,  therefore, 
little  to  repair,  the  sustaining  food  is  reduced  to  the  smallest  possible 
quantity.  This  small  portion  of  food  is  all  that  is  returned  to  toe  hus- 
bflmdman  in  her  dung.  The  phosphates,  salts  and  gluten,  and  even  the 
starch,  of  the  remainder  of  toe  foorl  she  eats,  are  transformed  in  her 
system,  and  appear  again  in  the  form  of  milk.  The  dung  of  the  milk 
cow  must  be  very  n^uch  poorer,  and  less  valuable,  compared  with  the 
food  she  eats,  than  diat  of  any  other  kind  of  stock. 

It  is  true  that  die  bulk  of  her  dung  may  not  be  very  much  less  than 
that  of  a  full-gmwn  animal  which  is  yieldfing  no  milk,  but  this  bulk  is 
made  up  chiefly  of  the  indigestible  woody  fibre  and  other  comparatively 
useless  substances  which  her  bulky  food  contains.  The  ingredients  of 
the  milk  have  been  separated  from  these  other  substances  as  the  food 
passed  through  her  body,  and  hence,  though  bulky,  the  dung  of  the  milk 
eow  is  colder  and  less  to  be  esteemed  than  that  of  the  dry  cow  or  of  the 
full-grown  ox. 

Nothing  can  more  strikingly  illustrate  the  difference  between  the  effect 
of  the  digestive  organs  of  the  fattening  ox  and  those  of  the  milk  cow 
upon  the  Food  they  consume,  than  the  wellTknown  and  remarkable  dif- 
ference in  quality  which  exists  between  distillery  dung,  obtained  from 
fottening  cattle  fed  upon  the  reftise  of  the  distilleries,  and  eaw-feederi' 
dung,  voided  by  milk  cows  fed'  upon  nearly  the  same  kind  of  food— 
namely,  the  refuse  of  the  breweries. 

§  17.  Summary  of  the  views  illustrated  in  thefHseni  Lecture. 

The  topics  discussed  in  this  Lecture  are  of  so  interesting  a  kind,  and  so 
beautifully  connected  together,  that  you  will  permit  me,  I  am  sure, 
briefly  to  draw  your  attention  again  to  the  most  important  and  leading 
points. 

1*>.  It  appears  that  all  vegetables  contain  ready  formed — ^that  is, 
form  during  their  powth  froin  the  food  on  which  they  live— those  sub- 
stances of  which  the  parts  of  animals  are  composed. 

79.  That  from  the  vegetable  food  it  eats,  the  animal  draws  directly 
and  ready-formed  the  materials  of  its  own  body— phosphates  to  form  the 
bones— ^uten,  &c.,  to  build  up  its  muscles — and  oil  to  lay  on  in  the 
form  of  fat.  ' 

30.  That  duriugthe  process  of  respiration  a  full  grown  man  throws 
off*  from  his  lungs  about  8  oz.— a  cow  or  horse  five  times  as  much— of 
carbon  every  24  hours;  and  that  the  main  office  of  the  starch,  gum,  and 
sugar  of  vegetable  food  is  to  supply  this  carbon.  In  carnivorous  animals 
it  w  supplied  by  the  fat  of  their  food— in  starving  animals,  hy  the  fat  of 
their  own  bodies — and  in  young  animals,  which  live  upon  milk,  by  the 
milk  sugar  it  contains. 

4°.  That  muscles,  bone,  skin,  and  hair  undergo  a  certain  necessary 
daily  waste  of  substance — a  portion  of  each  being  removed  every  day 
and  carried  out  of  the  body  in  the  excretions.  The  main  functfon  of  the 
gluten,  the  phosphates,  and  the  saline  substances  in  the  food  of  the  full 
grown  animal,  is  to  replace  the  portions  of  the  body  which  are  thus  re- 
moved, and  to  sustain  its  orinnal  condition.  Exercise  increases  this  na- 
tural waste  and  accelerates  toe  breathing  also,  so  as  to  render  necessary 
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^  larger  sustaining  supply  of  ibod— a  larger  daily  quantity  to  keep  the 

aaiii^  in  condition.  . 

5°.  That  the  fat  of  the  body  is  generally  derived  from  the  fia  of  the 
vegetable  food— which  fiit  undergoes  during  digestion  a  change  or  trans- 
formation by  which  it  is  converted  into  the  peculiar  kinds  of  fiit  which 
are  specially  fitted  to  the  body  of  the  animal  that  eats  it.  In  carnivor- 
ous animals,  the  fat  is  also  derived  directly  from  the  fat  of  their  food— 
which  is,  in  like  manner,  changed  in  order  to  adapt  it  to  the  constitutioD 
of  their  own  bodies.  In  cases  of  emergency,  it  is  probable  that  fat  may 
be  formed  in  the  animal  from  the  starcn  or  sugar  of  the  food. 

6°.  In  the  grovnnf  animal,  the  food  has  a  double  function  to  perform, 
it  must  sustain  and  it  must  increase  the  body.  Hence,  if  the  animal  be 
merely  increasing  in  fat,  the  food,  besides  what  is  necessary  to  make  up 
for  the  daily  waste  of  various  kinds,  must  also  supply  an  additional  pro- 
portion of  oil  or  fat.  To  the  growing  animal,  on  the  other  hand,  it  roust 
supply  also  an  additional  quantity  ofgluten  forth^e  muscles,  and  of  phos- 
phates for  the  bones.  If  to  each  of  a  number  of  animals,  equal  quantities 
of  the  same  kind  of  food  be  given,  then  those  which  require  the  smallest 
quantity  of  food  to  sustain  them  will  have  the  largest  proportion  to  con- 
vert into  parts  of  their  own  substance.  Hence,  whatever  tends  to  in- 
crease the  sustaining  quantity— and  cold,  ezerdse,  and  uneasiness  do  so 
—will  tend,  in  an  equal  degree,  to  lessen  the  value  of  a  given  weight  of 
food,  in  adding  to  the  weight  of  the  animal's  bodv.  To  the  pregnant 
and  to  the  mi&  cow  the  same  remarks  apply.  The  food  is  partly  ex- 
pended in  the  production  of  milk,  and  the  smaller  and  leaner  the  cow  is, 
less  food  being  reouiied  to  sustain  the  body,  the  more  will  remain  for  the 
production  of  milk. 

7^.  Lastly,  that  the  (quantity  and  quality  of  the  dung— while  they  de- 
pend in  part  upon  the  kmd  of  food  with  which  the  animal  is  fed — ^yet 
even  when  the  same  kind  of  food  is  eiven,  are  materially  affected  by  the 
purpose  for  which  the  animal  is  fed.  If  it  be  full-grown  and  merely 
kept  in  condition,  the  dung  contains  all  that  was  present  in  the  food,  ex- 
cept the  carbon  that  has  escaped  from  the  luncs.  If  it  be  a  erowing 
anmial,  then  a  portion  of  the  phosphates  and  gluten  of  the  food  are  re- 
tained to  add  to  Its  bones  and  muscles,  and  hence  the  dung  is  something 
less  in  quantity  and  considerably  inferior  in  quality  to  tmit  of  the  full- 
grown  animal. 

So  it  is  in  the  case  of  the  milk  cow,  which  consumes  comparatively 
little  in  sustaining  her  own  body,  but  exhausts  all  the  food  that  passes 
through  her  digestive  organs,  for  the  production  of  the  milk  which  is  to 
feed  her  young. 

The  reverse  takes  place  with  the  fattening  ox.  He  takes  little  else 
from  the  rich  additional  food  he  eats  but  the  oil  with  which  it  is  intended 
that  he  should  invest  his  own  body.  Its  other  constiments  are  for  the  most 
part  rejected  in  his  excredoos,  and  hence  the  richness  and  high  price  of 
his  dung. 


Such  are  the  main  points  I  have  endeavoured  to  illustrate  to  yon  in 
WIS  Liecture— they  involve  so  many  interesting  consideFadons,  both  of  a 
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tfaeoretioal  and  of  a  practical  kind,  that  had  my  limits  permitted  I  could 
bare  wished  to  dwell  upon  them  at  still  greater  length. 

§  18.  Concluding  Section* 

I  have  now  bronght  the  subject  of  these  Lectures  to  a  close.  I  have 
gone  over  the  whole  cround  which  in  the  outset  I  proposed  to  tread.  Jt 
18  the  first  time,  I  befieve,  that  much  of  it  has  been  trodden  by  scientific 
men,  and  I  have  endeavoured  in  every  part  of  our  journey  to  liy  belbre 
yon«  as  clearly  as  I  could,  everjrthing  we  knew  of  the  country  we  passed 
over,  in  so  fiir  as  it  had  a  practical  bearing  or  was  likely  to  "be  suscepti- 
ble hereafler  of  a  practical  application. 

In  the  first  Part,  I  directed  your  attention  to  the  oiganic  portion  of 
plants— showed  you  of  what  substances  it  consisted— on  what  kind  of 
organic  fixxi  plants  live— and  by  what  chemical  changes  the  peculiar 
organic  compounds  of  which  they  consist  ate  formed  out  of  the  organic 
food  op  which  th^  live. 

In  the  second  Part,  I  explained  in  a  similar  way  the  nature,  composi- 
tion, and  origin  of  the  inorganic  portion  of  plants.  I  dwelt,  also,  upon 
the  nature,  origin,  and  natural  diflerences  which  exist  among  the  soils  oo 
which  our  crops  are  grown,  and  from  which  the  inorganic  constituents  of 
plants  are  altogether  derived.  This  led  me  to  explain  the  connection 
which  exists  between  Agriculture  and  Geology,  and  the  kind  of  light 
which  this  interesting  science  is  fitted  to  throw  upon  the  nieans  of  prac- 
tically improving  the  soil. 

In  the  third  Part,  I  dwelt  upon  the  various  means  which  may  ba 
adopted  for  increasing  the  general  productiveness  of  the  land— whether 
these  means  be  of  a  mechanical  or  chemical  nature.  The  whole  doc- 
trine of  manures  was  here  discussed  and  many  suggestkins  ofiered  to 
your  notice,  which  have  already  led  to  interesting  practical  results. 

In  the  fourth  Part,  I  have  explained  the  chemical  composition  of  tlie 
several  kinds  of  vegetable  produce  which  are  usually  raised  for  food— 
showed  upon  what  constituents  their  nutritive  values  depend— and  how 
soil,  climate,  and  manure  afiect  their  composition  and  their  value  as 
food.  The  nature  and  composition  of  milk  and  of  its  products— butter 
and  cheese— the  theory  of  their  manufacture,  and  the  circumstances  upon 
which  their  respective  quantities  and  qualities  depend— and,  lasdy,  the 
way  in  which  food  acts  upon  and  supports  the  animal  body,  and  bow  the 
value  of  the  manures  they  make  is  dependent  upon  tne  purpose  for 
which  the  animal  is  fed — ^these  subjecu  nave  also  been  considered  and 
discussed  in  this  fourth  Partk 

In  discussing  new  topics  I  liave  had  occasion  to  bring  before  you  raan^ 
new  views.  Thisi  however,  I  have  not  done  lightly  or  without  consi- 
deration, and.  I  feel  it  to  have  been  one  of  the  greatest  advanuiges  which 
have  attended  the  periodical  form  in  which  these  Lectures  have  been 
brought  before  the  public,  that  it  has  allowed  me  leisure  to  think,  to  in- 
quire, and  to  make  experiments  in  regard  to  points  upon  which  it  waa 
difficult  at  first  to  throw  any  satisfactory  light.  It  is  gratifying  to  me  to 
know  that  the  general  difiusion  which  these  Lectures  have  obtained,  hat 
already  done  some  service  to  the  agriculture  of  the  country. 

PI  !f  I  B. 
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DUSIirO  TBB  BNStTINO   BPSINO  AlTD   SUMMBB. 

Onb  of  the  most  important  objects  whieh  ehomistry  is  at  present  deslrons  of 
attaining  for  the  improvement  of  practical  agriculture,  is  the  discoTcry  and  ap- 
plication of  specific  or  special  manures. 

We  knov  that  certain  substances,  such  as  fola-yard  manure,  are  capable  of 
fertilizing  to  a  considerable  extent  almost  any  land,  and  of  causing  it  to  yiM 
a  better  return  of  almost  any  crop.  But  we  know  also  that  manures  or  fertili- 
zeiB  of  nearly  every  kind  are  more  efficacious  on  one  soil  than  on  another,  and 
that  some  answer  better  also  for  one  species  of  crop  than  for  another.  The 
case  of  gypsum  will  serve  to  iUustrate  both  these  positions. 

The  ettects  of  gypsum  in  the  United  States,  in  Prussia,  and  other  parts  of 
Gkrmanjr,  and  in  some  districts  of  England,  are  said  to  be  absolutely  astonish- 
ing ;  while  in  many  other  {Murts  of  our  Island,  of  Gtermany,  and  even  of  the 
United  States,  the  benefit  derived  from  it  has  not  repaid  the  trouble  and  expense 
incurred  in  applying  it.  Gypsum,  therefore,  b  espedaUy  adapted  for  use  in  cer- 
tain soils  only. 

Again,  the  remarkable  effects  of  gypsum  have  been  observed  most  distinctlv 
on  clover*  and  certain  kinds  of  grass.  The  same  benefits  have  not  followed, 
to  any  thin|[  like  an  equal  extent,  from  its  use  on  barley,  oats,  wheat,  or  other 
kind  of  gram.  Therefore,  while  specially  adapted  to  certain  soils,  it  is  also 
q)eclally  adapted  to  certain  crops.  It  is  a  kind  of  specific  manure  for  clover 
and  some  of  the  grasses. 

Now,  neither  of  these  subjects  which  it  is  so  important  to  investigate, — 
neither  that  of  the  manures  which  are  especially  fitted  tor  each  soil,  nor  of  those 
which  are  specially  fitted  for  each  crop,— can  be  determined  either  from  theory 
or  from  experimenu  devised  and  executed  in  the  laboratory  of  a  chemist-  The 
aid  of  the  practical  fiirmer,  of  many  practical  farmers,  must  be  called  in.  Nu- 
merous exoeriments,  or  trials,  must  be  made  in  various  localities,  and  by  differ- 
ent individuals,—- all,  however,  according  to  the  same  rigorous  and  accurate 
method,— in  order  that,  from  the  comparison  of  many  resvuts,  something  like  a 
general  principle  may  be  deduced. 

It  is  partly  with  a  view  to  determine  the  mode  of  action  of  certain  fertilisers, 
and  partly  in  the  hope  of  obtaining  some  additional  light  on  the  subject  of 
manures  tpedficaUy  ad/a^pted  to  parltaUar  orops^  that  I  venture  to  suggest  to  you 
the  propriety  of  making  one  or  more  of  the  following  sets  of  experiments, 
daring  the  spring  and  summer  of  the  present  year.    I  cooul  h%ye  much  enlarged 


In  OermaoT,  Lampadlos  says,—**  It  nay  with  certainty,  be  atated, 
Lm  tha  nromica  of  eloTAr  mxuA  tha  eonaeatiAnt  amonntof  Uva  atoek 


'  In  resard  to  ka  use  In  Oermaor,  Lampadloa  aaya,— **  It  nay  with  certainty, 
that  ypf  the  nae  of  gypaum  the  promica  of  clover  aiid  the  conaGoaent  amoantol 
have  been  Inciesssa  at  km  am  rtWL"— Pia  Laaaa  voii  nmi  liunaAusoaaM 


amoantofUTe  atock 
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the  flbt  of  rafgettioM,  bat  I  ndiMr  wish  to  fttigae  ^roor  attention,  nor  to  place 
before  you  more  work  of  the  kind  than  can  be  readily  accomplished,  wt/A  tiUU 
€xpenu  of  time,  labour,  or  money.  Another  aeaaon  will,  I  hope,  afford  ua  an 
OTOOftunity  of  intentogiuing  natuie  by  fiirther,  and  peihapa  more  refined,  modea 
of  ezperimentins. 

1.  or  ORAas  ANO-OLOvn. 
1^.  It  18  beyond  diapate,  that  on  certain  aoila,  gypaam  eanaea  a  laigelr  in- 
ereaaed  ^wta  of  griaa  and  eloisr,  bat  eKperiment  alone  appeara  caj^dile  of 
delermimng  on  wka/t  loila  it  is  likely  to  be  tnua  beneficial  Such  ezperimenta, 
therefore,  ought  to  be  made  on  every  farm,  on  a  small  scale  at  first,  and  at  little 
coat,*  but  maide  with  care  and  accuracy,  and  with  a  minute  attention  to  weigfata 


9^.  The  action  of  gypaum  appears  to  be  entirely  chemical,  but  the  only  ez- 
]flanation  of  this  action  yet  attempted  ia  fiur  fipom  being  aatia&ctory.  It  ia  desi- 
raUa-therslbre,  that  floeptriments  with  other  aubatanees  Aoukl  be  mail,  which 
are  lately  to  throw  ftiglM  on  the  theory.  Important  prsctieal  results  may  at  the 
aame  time  be  obtained— they  are  aura,  incbed,  to  loUow  from  a  right  under- 
standing  of  the  theory. 

In  the  neigfabouihood  of  Lyons,  it  has  been  found  that  Tery  dilate  aulphurift 
addt  (oil  of  ritiol)  exhibits  the  same  beneficial  effect  upon  clover,  that  baa  else- 
wheie  attended  the  use  of  gypaum.  It  is  denrable,  therefore,  that  a  eompara-^ 
ti?e  experiment  should  be  made  with  this  acid  on  a  portion  or  the  same  field  to 
which  the  gypsum  is  applied.    Where  the  one  fails  the  other  may  act 

3^.  It  was  observed  by  Dr.  Home,  of  Edinburgh,  so  eailv  as  the  vear  1756, 
that  sulphate  of  sodai  had  a  remarkable  effect  in  promoting  tne  growth  of  plants 
— ita  action  belnc  nearly  equal  to  that  of  saltpetre  or  nitrate  of  soda.  This  fiict, 
though  mentions  by  Lord  Dundonald,  has  been  lost  sig^ht  of  by  practical  men, 
the  sulphate  of  soda  being  generally  represented  as  too  high  in  pnoe  to  be  avail- 
able  as  a  ferlilizer.f  The  use  of  sahpetre,  however,  and  of  nitrate  of  aoda,  both 
Of  which  are  more  than  double  the  price  of  sulphate  of  soda,  show  that  the  cost 
of  this  latter  article  should  not  stand  in  the  way  of  an  accurate  trial  of  ita  value 
as  a  ftrtilizer  on  various  crops.  Dry  sulphate  of  soda  can  be  readily  obtained 
from  any  of  the  alkali  worics  on  the  Tyne,ll  and  being  an  article  of  domestic 
manuihcture,  it  is  proper  that  its  merits  should  be  ascertained,  and,  if  it  can  be 
available,  that  its  use  should  be  encouraged. 

From  the  circumstance  of  its  containing  sulphuric  add,  therefore^  I  would 
recommend  that  it  should  be  tried  on  clover  and  grass,  in  companaon  with 
gypsum  and  sulphuric  acid,  and  on  a  portion  of  the  same  field.  It  may  sue- 
ceed  where  the  others  foil. 

4°.  Nitrate  of  soda  also,  as  a  top-dressing  on  grass  land,  has  been  often  used 
with  ereat  benefit  I  have  seen  grassland  m  Dumfnesshirej  which,  after  being 
long  wt  for  pasture  at  308.  an  acre,  had  been  sprinkled  with  an  annual  top- 
dressing  of  nitrate  of  soda  at  the  rate  of  SOs.  an  acre,  and  had  since  readily  let 
at  X4  an  acre,  yielding  thus  an  annual  profit  of  30s.  an  acre  to  the  landlord. 

In  other  districts,  qgain,  it  has  been  found  to  answer  better  for  com.  Thus, 
alter  a  discussion  on  this  subject  in  the  Gloucester  Farmers'  Club,  it  waa  agreed, 
that  nitrate  of  soda  "was  a  very  valuable  manure  for  white  atraw  cropa,  bat 

*  Tbe  ]Mloe of  fTpeum  In  Loadon  Is  sboatSa.  6d.  per c«U;  to  Newctstla,  as. 

t  OTpsom  eoBflfats  of  Mi^pfairfe  aeiil  snd  ttHM. 

X  CMauber  Mttr— eoDsMJof  of  Milphurte  scid  and  soda. 

f  Lord  DnodonUd  m^  Prom  •Jtperimenia  it  has  been  jproved  to  pnmaU  Tftefslhiii  te 
a  very  high  dafrae.  Tbo  high  priea  at  pmant  of  this  sitlole  pnelodes  tho  om  of  tt  but 
ooald  It  be  made  u<tVld  at  a  cheap  nua,  It  would  proTe  a  moat  valuable  acquMUoo  to  agri- 
eoliare.'*  Binee  tho  thne  of  Lord  Dundonald  aome  trfala  made  in  Genatoy  have  shown  U 
to  have  a  beoa6clal  action  on  rya,  potatoes,  and  fnUltreea.^^^^^^ 

rlfasM  Ann«^,of  thoHemihAlkaa  Woita,dettferttiBNem^i«saadtl 

^*^  ■**••*•  ugmzeuoy  Google 
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when  applied  to  f;;reen  erope  the  benefit  was  Hot  soffidtontly  g:nat  to  eoontei^bal- 
anee  the  expense."  In  Northnmberland,  where  it  has  been  tried  in  a  slcilfh] 
manner  by  Mr.  Qny,  of  DUston,  it  was  found  to  yield  a  most  profitable  return 
on  both  hay  and  barley. 

These  rasulu  show  the  neoessity  of  further  trials^  not  only  for  the  purpose  of 
iUustratin^  the  cause  of  the  beneneial  action  of  this  saline  substance,  but  also 
with  the  view  of  arriving  at  some  general  rule  by  which  the  practical  man  may 
be  guided  in  determining  on  what  fidds^  and  for  what  crops  on  those  fidds^  the 
nitrate  of  soda  may  be  beneficially  applied 

This  enieriment,  like  the  others  above-menttoned,  will  be  much  more  valua- 
ble, if  mads  in  such  a  way  that  the  result  can  be  compared  with  that  obtained 
by  the  use  of  other  chemical  agenU.  I  would,  therefore,  propose  that  in  the 
same  field  of  grass  or  clover,  a  portion  should  be  measured  ofi)  to  be  top- 
dressed  with  nitrate  of  soda,  that  thus  not  only  the  absehde^  but  also  the  emi^ 
parotive^  weight  of  the  produce  may  at  the  same  time  be  ascertained. 

5^.  There  are  other  trials  also,  firom  which  this  general  subject  is  capable  of 
receiving  illustration.  The  fertilizing  power  of  gypsum  has  bieen  explained  by 
its  supposed  action  on  the  ammonia  which  is  presumed  to  exist  in  the  atmos- 
phere. If  this  be  the  tiue  explanation,  a  substance  containing  ammonia  should 
act  ai  least  as  energetically.  At  all  events,  the  action  of  folfyard  manure  and 
of  putrid  urine  is  supposed  to  depend  chiefly  on  the  ammonia  they  contain  or 
give  off.  Now,  among  the  substances  containing  ammonia  in  large  (quantity, 
which  in  most  towns  are  allowed  to  run  to  waste,  the  ammoniacal  liquor  or 
the  eas  works  is  one  which  can  easily  be  obtained,  and  can  be  applied  m  a  li> 
quid  state  at  very  little  cosL  It  must  be  previously  diluted  with  water  till  i|p( 
taste  and  smell  become  scarcely  perceptible. 

I  would  propose,  therefore,  as  a  further  experiment,  that  along  with  one  or 
more  of  the  substances  above-mentioned,  the  ammoniacal  liquor  of  the  eas 
works  should  be  also  tried,  on  a  measured  portion  of  ground,  and,  if  possible, 
in  the  same  field. 

6^.  Soot,  as  a  manure,  is  supposed  to  act  partly,  if  not  chiefly,  in  conse- 
quence of  the  ammonia  it  contains.  In  QloucesterBnire  it  is  applied  to jpota-  . 
toes  and  to  wheat,  chiefly  to  the  latter,  and  with  great  success.  In  the  Wolds 
of  Yorkshire  it  is  also  applied  largely  to  the  wheat  crop,  at  the  rate  of  about  99 
bushels  to  the  acre.*  In  this  county  it  is  frequently  used  on  grass  land,  to  Uie 
amount  of  20  bushels  an  acre,  and  though  I  am  not  aware  that  it  is  extensively 
employed  upon  clover,  I  am  inclined  to  anticipate  that  the  sulphur  it  contain8,t 
in  adcGtion  to  the  ammonia,  would  render  it  useful  to  this  plant.  At  all  events, 
comparative  experiments  in  the  same  field  with  the  gypsum  and  the  ammonia- 
cal liquor,  are  likely  to  lead  to  interesting  results. 

7^.  Common  salt,  highly  recoromendSl  as  a  manure  by  some,  has  been  as 
much  depreciated  by  others,  and  hence,  when  directly  applied,  is  considered  as 
a  doubtful  fertilizer  by  almost  all.  The  obscurity  in  regard  to  iU  use,  however, 
ittsu  chiefly  on  the  quantity  which  ought  to  be  employed.  The  result  of  com- 
parative experiments  made  in  Germany,  showed  that  a  .very  few  pounds  per 
aore  were  sufficient  to  produce  a  kujgely  increased  return  of  grass— while  in 
England  it  has  been  beneficially  applied  within  the  wide  limits  of  from  five  to 
twenty  bushels  per  acre,  and,  when  used  for  cleaning  the  land  for  autumn,  of 
thirty  bushels  an  acre. 

Among  the  comparative  experiments  upon  grass  and  clover  here  suggested, 
the  effect  of  salt  mi^ht  also  be  tried  with  the  prospect  of  practical  beTOfit  It 
would  give  an  additional  interest  to  the  experiments  and  supply  an  additional 
term  ofcomparison. 

*  The  pric«  la  from  6d.  to  Is.  a  boshel.    In  this  coonty  the  loot  it  eaid  to  be  oltsn  of  an 
Inferior  qoaliiy,  aod  brings  tbervfore  a  lest  price, 
t  The  Acpftio^I  mlfht  also  say,  for  much  of  oar  soot  eoDtslns  gypsom,  the  Usm  Mag 
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7I»  entinMnM  of  cspMinmits,  therafine,  ^Miich  I  would  neommend.  wooU 
oeenpy  eight  patchei  on  a  dorer  or  grass  field,  one  of  which  would  be  left  ta^ 
dbsMtf  for  the  purpose  of  compsrison.    Thus,  each  plot  being  haXfoM  acn.: 


GjVmm. 

nr^ 

Liquor. 

*!i2dL^ 

Nltnt«or 
ffods. 

Cosunon 

Bfttt. 

Boot 

The  ammoniaeal  liquor  and  the  soot  are  placed  as  fitf  as  possible  from  the 
gypBom  and  sulphuric  acid,  that  they  may  not  inteiiexe  with  each  other's  action. 
Id  a  bu^  field  they  mieht  be  placed  still  fiuther  apart,  and  other  trials  might  be 
liade  in  one  or  two  of  we  Tacant  places. 

The  q^pearance  of  each  patch  should  be  entered,  vntk  the  date,  in  an  experi- 
ment book,  at  weekly  interrals,  and  the  final  produce  both  of  hay  and  of  Aet- 
math  carefully  noted^  both  as  to  weu^hi  and  qualiiy. 

Nor  will  the  expenment  be  completed  when  the  crop  for  the  year  is  gathered 
in ;  buLwhere  it  u  possible,  two  rarther  points  should  be  ascertained, — 

1^.  The  relative  feeding  or  nourishing  properties  of  the  produce.  To  those 
who  rear  and  fiitten  cattle,  this  is  a  matter  of  great  importance,  and  it  is  one 
which  they  could  easily  determine,  at  least  TCry  approximately. 

8°.  What  has  been  me  permanent  effect  of  tne  several  substances  on  the  soil, 
at  indicated  by  the  compedrative  quantity  and  quality  of  the  crop  obtained  from 
each  half  acie.  on  the  ptcoeeding  or  during  the  twofoUomng  years.  The  result  of 
these  fimher  observations  may  materially  modify  the  conclusion  we  should  draw 
from  the  comparative  weight  and  quality  of  the  produce  of  the  first  year. 

I  shall  only  observe,  in  conclusion,  on  this  head,  that  the  result  of  a  simulta- 
neous trial  of  all  these  substances  in  the  same  field  would  not  only  throw  much 
light  on  the  specific  action  of  each  on  the  grass  or  clover  in  general^  but  would 
4>e  of  permanent  utility  to  that  fisinn  or  locality  in  which  the  expermients  were 
made.  It  would  indicate  the  kind  of  fiiitilizer  which  was  best  adapted  to  the 
ftrm  or  neighbourhood,  in  the  existing  condition  of  its  general  culture.  It  would 
fi)nn  a  local  record,  usefiil  not  only  to  the  tenant  who  made  the  experiment  (if 
well  made^  and  by  whom  the  fiirm  at  the  time  was  tenanted,  but  more  useful 
by  fiur,  and  more  permanently  so,  to  the  owner  of  the  land,  whose  interest  in  it 
is  supposed  to  be  not  onl^  greater,  but  much  more  lasting. 

In  regard  to  the  quantUies  of  the  several  substances  above-mentioned,  which 
are  to  be  applied  to  each  acre,  they  may  probably  be  varied  according  to  cir- 
cumstanoes,  but  the  following  may  be  recommended  in  the  eomparative  experi- 
ments: 

1°.  Oypsum  3  to  3  ewt.  per  acre. 

9°.  Sulphate  of  Soda  1  cwt.  per  acre. 

3°.  Nitrate  of  Soda  1  cwt  per  acre. 

4^.  Soot  90  bushels  per  acre— this  in  different  districts  may  be  varied  aeeord- 
mg  to  the  known  quality  of  the  soot 

5^'.  Of  Sulphuric  Acid  from  90  to  40  lbs.  per  acre,  applied  at  three  or  four 
several  intervals— and  diluted  with  at  least  96o  times  iu  weight  of  water.  Or 
so  much  water  may  be  added  as  to  make  it  perfectly  tasteless,  or  so  weak  as 
mm,  sensibly  to  injure  the  texture  of  a  plant  left  in  it  during  the  previous  night* 

6^.  Of  Ammoniaeal  Liquor  100  to  900  gallons  per  acre,  according  to  its 
strenfrth,  for  this  is  constantly  varying.  It  must  also  be  diluted  with  so  large  a 
quantity  of  water  as  will  render  it  perfecUy  tasteless,  and  is  likely  to  prove  r  - 
beneficial  if  laid  on  at  several  successive  periods. 

".The  qoaoUtf  •bove.maationed  i 
ldb«  dUoud  wttb  itaiM  or  Iq 


to  sboiit  two  falloos  of  Ibe  uU  ofths 
offfBMr.  dooo 
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7^.  OfeommmiiahitwiUbeflatetoapplyiiotmoMdiaiilbvtot^ 

an  acre ;  thpugh,  where  time  and  circunuAances  permit,  comparatiTe  Inals  micfat 
also  be  made  on  the  efficacy  of  salt  when  appliea  in  difTerent  proportionsi  to  Uie 
$ame  land  on  which  the  otlier  experiments  are  made. 

As  to  the  Hme  when  these  several  diessines  ought  to  be  ap^ed^  some  TariiM- 
tion  may  be  made  according  to  the  state  of  the  young  cnm.  They  need  not,  in 
eeneral,  be  used  before  the  10th  of  April,  and  they  should  rarely  be  later 
than  the  middle  of  May. 

It  will  be  desirable  that  in  the  detail  of  ereiy  set  of  experiments,  the  kind  and 
quality  of  the  soil  (and  subsoil)  shonld  be  stated— with  its  drainaj^  and  eaqio- 
suro--and  the  kind  of  grass  or  cloTcr  which,  had  been  sown  upon  it 

II.    OF  WHEAT,  BARI^T,  AND  OATS. 

It  is  known  that  saltpetre  and  nitrate  of  soda  produce  highly  beneficial  effects 
cm  all  these  Tsrieties  oi  grain.  There  remains  much  to  be  done,  however,  be- 
fore the  principle  of  their  operation,  or  the  circumstances  on  which  their  most 
useiVil  applicauon  depends,  can  be  clearly  understood.  Their  relative  effects  on 
the  same  kind  of  grain  must  be  made  the  subject  of  more  frequent,  more  preciscL 
and  more  carefully  conducted  experiments — ^and  these  effects  must  be  compared 
with  those  of  other  fertilizing  substances,  in  order  that  we  ma}r  arrive  ultimate- 
ly at  some  comparative  estimate  of  the  practical  value  of  each,  in  increasing  the 
growth  and  produce  of  those  crops  which  are  the  staples  of  animal  food* 

A.— Cf  Wheat 

It  is  confidently  stated  by  some,  as  a  general  role,  that  saltpetre  is  more  ad- 
vantageous than  nitrate  of  soda,  when  applied  to  wheat  On  the  other  hand,  it 
is  beyond  question  that  the  application  of  nitrate  of  soda  to  wheat  has  been 
found  productive  of  remarkable  oenefit 

Is  saltpetre  espedaUf  adapted  for  wheat  of  oA  varieUes.  on  aU  saiUf  and  under 
every  variety  of  managemetU,  and  is  nitrate  of  soda,  in  uke  manner,  especially 
fitted  for  barley  and  oats  1 

These  are  questions  to  which  the  experiments  hitherto  made  do  not  enable  us 
to  give  a  reply.  New  data  must  be  obtained  before  we  can  have  the  means  of 
reasoning  usefully  in  regard  to  any  of  them.    I  would  propose,  therefore,— 

1^.  That  where  two  varieties  of  wheat  are  sown  on  the  same  field,  or  on  dif- 
lerent  fields  of  precisely  the  same  kind  of  land  and  in  the  same  condition,  that 
two  half  acres  of  each  variety  should  be  measured  off,  and  that  one  half  acre  of 
each  should  be  dressed  with  saltpetre,  and  the  other  with  nitrate  of  soda,  at  the 
rate  of  1  cwt  per  acre.  If  three  varieties  could  be  so  treated,  the  experiment 
would  be  the  more  valuable. 

It  would  thus  be  determined  how  fiur  the  efiect  of  each  of  these  nitrates  was 
dependent  upon  the  varieiv  oi  wheat  sown— and  what  was  the  relatiTe  aetbn  of 
each  nitrate  upon  any  of  tne  varieties. 

29,  That  when  the  same  varieties  of  wheat  are  sown  upon  two  or  mom  dif- 
ferent soils— in  different  parts  of  a  form— that  one  portion  of  the  wheat  on  every 
different  soil  should  be  dressed  with  nitrate  of  soda,  and  another  with  nitrate  of 
potash  (saltpetre).  By  this  experiment,  it  would  be  shown  how  for  the  effect 
of  these  substances  is  d^ndenton  the  nature  of  the  soil,  and  how  fer  the  action 
of  the  one,  compared  with  that  of  the  other,  is  modified  by  diversity  of  soiL 

In  these  different  e^qperiments,  the  management  is  presumed  to  be  the  same. 
If  the  experiments  be  repeated  by  several  persons  in  different  parts  of  the  coun- 
try, the  effects  of  difference  of  management  will,  in  a  great  measure,  be  shown 
in  the  diversity  of  the  results. 

3^.  With  the  view  of  ascertaining  the  comparative  effect  of  the  sulphate  of 
soda  on  this  crop,  I  would  suggest  mat  in  each  case  above  specified,  an  equal 
area  should  be  set  aside  to  beSessed  with  this  salt,  in  the  proportion  of  1  cwt 
per  acre. 

Of  each  variety  of  wheat,  therefinre,  and  on  each  variety  of  soil,  four  patches 


Nitntoof 

BlKte. 

fldtpetre. 

BolDl^of 

i)f«q«tl  avM,  Mj  fcilf  an  aen^  ahoiild  b«  meafuiibd  off— one  of  wiuoh  dioiild  be 

undnsecdfor  the  purpoee  of  comperiaon :  thus— 

As  bcibie,  the  nature  of  the  soil  and  the  kind  of 
grain  muat  be  reeoided— the  appeuranee  of  each  patch 
noted  week  by  week—with  the  time  of  ripening  and 
reaping— and  the  reapecUTe  qualities  and  weighta  of 
the  nam  and  straw  oollected  from  each  half  acre. 

The  ouantity  of  gluten  contained  in  the  wheat 
should  aiao  be  determined,  or  a  sample  of  the  flour 
transmitted  for  the  purpose  to  the  writer  of  these  sug^ 

cestions,  aeoompaniad  by  a  detail  of  the  experimenta  they  are  intended  to 

flloatrate. 

B.— Q^  BtaUy  and  Oats. 

To  bariey  and  oats  the  aboTS  remarica  all  apply,  with  this  difference,  that  to 
these  crops  saltpetre  is  said  to  be  less  beneficial  than  the  nitrate  of  aoda.  In 
oonneetion  with  these  crops,  howsTcr,  I  would  make  the  following  additional 
obser^adon. 

According  to  any  theory  of  the  action  of  the  nitrates  of  polaah  and  aoda 
which  readily  presents  itself,  their  effect  on  any  crop  which  they  are  equally 
capable  of  benefitting  ought  to  be  nearly  equal,  weight  for  weight  The  nitrate 
of  soda  ou^ht  to  have  a  decidedly  more  poweiAil  action,  were  it  not  that  tha 
state  of  moisture  in  which  it  is  ^enerallv  sold,  increases  its  wei^ght  so  much  as 
in  a  great  measure  to  deprive  it,  m  equal  weights,  of  this  supenoritv. 

But  while  1  cwt  of  saltpetre  (nitrate  of  potash)  is  recommendea  as  a  suffi- 
cient dresrfttg  for  an  acre,  li  to  1|  ewt  of  nitrate  of  soda  is  recommended  for 
an  equal  area.  It  would,  therefore,  be  deairable  where  nitrate  of  soda  is  applied 
to  any  large  extent  of  land,  either  with  oats  or  bariey,  to  make  a  comparative 
trial  on  three  equal  portions  of  the  same  field,  with  1,  li,  and  1|  cwt  per  acre, 
leapeotively. 

in  addition,  therefore,  to  the  experiments  suggested  in  regard  to  wheat,  with 
die  Tiew  of  determinine^ 

1^.  The  absolute  and  relatiTO  efficacy  of  saltpetre  and  nitrate  of  aoda  on  dit- 
ftfent  Tarieties  of  the  min ; 

3^.  The  same  on  different  tarietiea  of  aoil ; 

3°.  And  under  diversities  of  management, — as  in  the  previous  treatment  of 
the  land,  Ace. ; 

There  may  be  added,  in  regard  to  oata  and  bariey,  another  aeries  of  trial  to 


4^.  The  relative  effects  of  the  different  proportions  of  the  nitrate  of  soda, 
which  is  at  present  supposed  to  be  specially  beneficial  to  these  kinds  of  grain. 
If  any  one  be  desirous  of  unitfaig  this  latter  aeries  with  the  fomer,  it  may  bo 
donethu»— 

The  vacant  halfracre  being  as  before  left 
for  the  purpose  of  eompariaon.  Such  an 
entire  ssries  might  be  made  at  the  sante 
time  on  a  fieki  of  Tartary  and  of  potatoe 
oats,  and  on  two  or  mora  varieties  of  bar- 
ley. 

These  top-dressings  may  all  be  sown 
broad-cast-- on  the  wheat  most  convenient- 
ly when  the  seeds  are  sown  in  April  or  May,  and  on  the  bariey  and  oats  when 
tne  fields  have  become  distincdy  ^veen. 

I  may  be  pennitted  to  add,  as  mdocements  to  pracdcal  men,  to  try  one  or 
tnore  or  these  experimenta  in  the  accurate  manner  above  described: 

1^.  That  the  result  will  be  directly  available  and  of  immediate  practical  value 
on  hia  own  form,  to  the  peraon  by  whom  they  are  carafolly  made.    That  th^ 


BQlDhiue  of 

Nitfste  of 

ao<to,icwt 

per  acre. 

Silipctre. 

Nitiatoof 
l|^ 

NMatsof 

8oda, 
4c^ 

win  b«  pefmaiiMifly  M«Ail  to  hi*  hadloid  (if  oMeaillf  iMMdfid),  ou^lit  to  be 
an  induoenient  to  tne  latter  (o  give  ereiy  &cility  end  eneooregfllneiift  to  hie  ten* 
•m  in  making  them, 

8°.  That,  insteed  of  iaroWing  enenae  and  ontlayc which  in  many  inntaneee 
may  ill  be  spared,  tketf  art  sure  in  amoa  every  eon  to  A^mtneikimrtpaiv  the  eeti 
of  making  tkrm,  by  the  inereaaed  quantity  or  value  of  the  produce  obtained. 
Any  of  the  seiiea  of  experiments  on  the  scale aufB^ited,  may  be  made  forty 
pounds,  so  that  were  the  outlay  all  to  be  loet.  the  aceovste  knowledge  obtained 
in  idsrsnoe  to  the  general  tillage  of  his  land,  would  be  worth  more  money  to 
tiie  holder  of  a  farm  of  a  hundred  aerw. 

-  3^.  1  need  aoaroely  add,  aa  a  further  inducement,  the  additional  interest  iriueh 
such  experiments  §;iTe  to  the  practice  of  farmings— and  the  means  they  afford 
of  calling  forth  the  intelligence  of  the  agrieultanu  population.  The  moment  a 
man  begms  to  make  experimenta  under  the  guidance  of  aA  understood  principle, 
from  that  moment  he  begins  to  think.  To  obtain  materials  for  thought  he  will 
have  recourse  to  booka-HUid  thus  erery  new  experiment  he  makes,  will  fiirtiber 
stimulate  and  awaken  his  intellect,  and  lead  him  to  the  acquisitiaii  of  forther 
knowledge.  Does  it  require  anything  more  than  this  general  awakening  of  the 
minds  of  the  agrieulOiral  class,  to  advance  the  science  of  agriculture  aa  suielv 
and  aa  rapidly  aa  any  of  the  other  sciences,  the  practical  application  of  whicn 
have  led  to  those  extraordinaiy  developmenta  of  natural  resources  which  an 
the  ohaiacieriatic  and  the  pride  of  our  time '{ 

III.      OP  TORNIM. 

The  raising  of  turnips  is  of  such  vast  importance  in  the  prsvailing  system 
of  husbandry,  that  any  improvement  in  the  mode  of  culture  must  be  of  exten- 
sive and  immediate  benefit.  Experimenta  so  numerous  and  so  varied  have  been 
made  with  this  view,  that  it  may  almost  seem  superfluous  in  me  now  to  make 
any  further  suggestions  on  the  subject  But  when  experiments  have  been 
miMde  with  a  view  to  one  subject  only,  it  often  happens  in  all  departments  of  na< 
tnral  science,  that  as  new  views  are  advanced  or  more  precise  methods  pointed 
out,  it  becomes  necessary  to  repeat  all  our  former  experiments, — either  for  the 
puipose  of  testing  the  results  tnej  gave  us,  or  of  observing  new  phenomena  to 
which  our  attention  had  not  previously  been  directed. 

I.  Numerous  experiments,  for  example,  have  been  made  upon  the  use  of  bones 
in  the  raising  of  turnips,  but  they  have  been  chiefly  directed  to  economical  ends 
and  so  iar  with  the  most  satia&ctoir  results.  But  among  fifty  intelligei^t  and 
thinking  practical  men,  and  who  all  agree  in  regard  to  the  profit  to  be  derived 
firom  the  use  of  bones  with  the  turnip  crop,  how  manjr  will  agree  in  regard  to 
the  mode  in  which  they  act^how  few  will  oe  able  to  give  a  satisfactory  reason 
for  the  opinion  they  entertain!  The  same  is  true  of  theoretieal  chemiita,  aome 
attributing  their  effect  more  eepecially  to  the  earthy  mauer,  othon  to  the  eelatine 
tbey  contain.  Dry  bones  contain  about  two-thuds  of  their'weight  of  earthy 
matter,  the  other  third  consisting  chiefly  of  animal  matter  resembling  glue.  Of 
the  earthy  matter  flve-sixths  consist  of  phosphate  of  lime  and  macnesia,  and 

twiUec 


the  teat  ehiefly  of  carbonate  of  lime.    Thus  a  ton  of  bone  dust  will  contain— 

Animal  matter  ; 746  lbs. 

Phoepate  of  lime,  dee 1346 

Carbonate  of  lime,  6ce, 949 

SB40 

On  which  of  these  constituents  does  the  efficacy  of  bones  chiefly  depend  1 ' 
DoeaH  depend  upon  the  animal  matter  1  This  opinion  is  in  aceordanee  with  the 
fbUowing  foots : — 

l^'.  That  in  the  Dottcaster  rq;M)tt  it  ia  said  to  be  most  effectoal  on  calcireoua 
aoOa,— for  in  the  presence  of  lime  all  oiganie  matter  BMna  vapidly  teompoaeik 


0  or  ToBKiM.  [il^prndte. 

9P.  That  horn  thaTings  an  a  mon  poirerfal  mamnm  than  bonM,— ainod 
hom  contains  only  ono  or  two  per  cent  of  earthy  matter.* 

3*^.  That  before  the  introduction  of  crashed  bones,  the  ashes  of  bomed  bones 
had  been  long  employ  to  a  small  extent  in  agiiculture,  bui  haTC  since  fidlen 
almost  entirely  into  disuse. 

4^.  That  old  sheep  skins  cut  up  and  laid  in  the  drills,  ha^e  been  found  to 
yield  as  good  a  crop  of  turnips  and  sfter-crop  of  oora,  as  the  remainder  of  the 
field  which  was  manund  with  bones. 

5^.  That  "40  lbs.  of  bone  dust  are  sufficient  to  supply  three  crops  of  wheat, 
doTer,  potatoes,  turnips,  &c.,  with  phosphates,"t  while  one  to  two-thirds  of  a 
ton  of  bones,  conuuning  from  400  to  800  lbs.  of  phosphates,  is  the  quantity  usu- 
ally applied  to  the  land. 

On  tae  other  hand,  the  quantity  of  animal  matter  present  in  a  ton  of  bonea 
(746  lbs.)  is  so  small,  and  its  decomposition  so  rspid  during  the  growth  of  the 
turnips;— while  at  the  same  time  the  effects  of  the  bones  are  so  bsting  and  so 
benencial  to  the  after-crop  of  com— that  many  persons  hesitate  in  considering 
the  great  excess  of  phospliates  applied  to  the  land,  as  really  without  any  shars 
of  influence  in  the  production  of  the  crops. 

Thus  Sprmigdj  an  authority  of  the  veiy  highest  character,  both  in  theoretical 
and  practical  agriculture,  is  persuaded  that  the  phosphates  are^e  sole  fertilizing 
ingnedieots  in  bones,  ana  he  explains  the  want  of  success  from  the  use  of  crash- 
ed bones  in  Mechlenburg  ana  North  Germany,  on  the  supposition  that  the 
soils  in  those  countries  already  contain  a  sufficient  supply  ot  phosphates,  while 
in  England  eener^Uy  they  are  ddlcient  in  these  compounds. 

Farther,  if  the  animal  matter  be  the  fertilizing  agent  in  bones,  why  are  not 
they  of  equal  efficacy  on  grass  land  as  upon  turnips  1 

with  the  view,  therefore,  of  leading  to  some  rabonal  explanation  of  the  rela- 
tive effects  of  the  several  constituents  of  bones,  it  would  be  desirable  to  institute 
comparative  experiments  of  the  following  kind — 

1  .  With  half  a  ton  of  bones  ner  acre. 

9^.  With  three  or  four  cwt.  or  horn  shavings  or  ghu  per  acre. 

d^'.  With  two  cwt  of  burned  bones  per  acre. 

4^.  With  six  or  seven  cwt  of  burned  bones  per  acre. 

The  quantity  of  burned  bones  in  No.  4  is  that  which  is  yielded  by  a  ton  of 
fresh  bones;  that  in  No.  3  is  upwards  of  five  times  what  should  be  taken  up  by 
the  crops — as  great  part  of  what  is  added  must  be  supposed  to  remain  in  tbo 
soU,  wnile  smne  nvust  be  dissolved  and  ctarrUd  off  by  the  rains. 

The  result  of  such  experiments  as  these,  if  made  accurately  on  different  soils, 
will  lead  us  sooner  to  the  trath  than  whole  volumes  of  theoretical  discussion. 

II.  Nitrate  of  soda  has  also  been  applied  with  great  benefit  in  the  cultnn  of 
turnips.  Some  experiments,  exceedingly  favourable  in  an  economical  point  of 
view,  have  been  made  by  Mr.  Barclay,  of  Eastwick  Park,  Surrey,!  who  found 
that  one  cwt  per -non,  dulled  in  with  the  seed,  gave  as  gieata  return  of  Swedes 
as  15  bushels  of  bones  with  15  of  wood  ashes  per  acre,  and  when  the  nitrate  of 
soda  was  sown  broadcast,  firom  90  to  25  per  cent  more.  In  every  part  of  the 
country^  therefore,  this  substance  oucht  to  be  tried.  And  as  this  nitrate  is  very 
soluble  m  water,  and  may  therefore  be  readily  canied  off  by  the  rain,  and  an 
that  only  which  is  within  reach  of  the  plant  is  of  any  avail,  I  would  suggest 
that  not  more  than  one-fourth  of  the  whole  should  be  drilled  in  with  the  seed, 
for  the  purpose  cX bringing  away  the  plsnt;  and  that  after  the  thinning  by  the 
hoe,  the  rest  should  be  strewed  along  the  rows  by  the  hand  or  by  the  diilL    In 

^  'iTy*? '  *>«JL*^«»  !■  ****'  •  "W"  of  opinion  thsa  tho  remit  of  a  suffident  nomber  of  ao^ 
.  l*«ni-oftt..»i|ltthl,rteolta«IBoelety.l,.«L  .,_„,GoOgIe 
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of  the  nit  bfling  amended  wliMe  it  if  leqnind,  tfie 
b6  prodnosd. 


diiswmylliewhoto 
greatest  poaaiUe  eibet 

III.  I  naTe  already  stated  Che  reasons  whkk  lead  me  to  aaticipafe  highly  be- 
neficial effecu  to  metation  ikom  the  use  of  sulphate  of  soda ;  I  would  suggest, 
therefore,  a  trial  of  this  salt  on  the  tomips  also^-at  the  saine  rate  of  1  cwt.  per 
acre,  ana  applied  in  the  way  above  reoommended  for  the  nitrate  of  soda.  Of 
course  the  mtelligent  fivmer  will  vary  the  propoitions  and  mode  of  appUeation 
of  these  substances,  as  his  leisuie  or  cottTsnienee  pemit,  or  as  his  bettor  judg- 
ment may  suggest  to  him. 

The  entire  series  of  experiments  on  turnips,  aboTS  sucgested,  may  be  rspra- 
•ented  as  follows,  adding  two  plou  for  difiemt  proportions  of  the  nitrate  and 
sulphate  of  soda:— 


2owtpcrsere. 

NitmlaofBoda, 
li  evt  per  acre. 

Bone  Poet,  or 
lumper  sere. 

Burned  Bones, 

6or7ewt  per 

aerr. 

flolphateof 
lewtpereert. 

BornSbeTtaga, 
oreiae,7or8 
owkperaere. 

UoaMiiand. 

Mplteteof 
1|  ewt  per  acre. 

NHnteof 

Soda, 

Icwt  per  acre. 

Some  of  theee  ezperimenu  most  of  you  may  easily  try.  Those  with  the 
burned  bones  and  horn  shavings,  whidi  m  this  part  of  the  country  are  less  easy 
to  be  obtained,  it  is  not  to  be  expected  that  man^r  of  you  will  think  of  undertake 
in^.  I  hope,  however,  that  they  will  not  be  lost  sight  of  by  those  who  possess  fii- 
eilities  for  obtaining  them  in  sufficient  quantity  to  make  a  satisfactory  experiment 
In  many  parts  m  the  United  States,  gypsum  is  the  universal  fertilizer  for 
ery  crop,  and  among  the  rest  it  is  said  to  benefit  turnips.    The  same  opinion 


is  entertained  in  Germany.  I  am  not  aware  how  far,  in  what  way.  or  with 
what  results,  it  has  been  applied  to  the  turnip  crop  in  this  country.  A  simple 
mode  of  testing  ita  efficacy,  however,  would  be  to  strew  it  over  the  plants  when 
in  the  rouffh  loaf,  on  part  of  a  field,  the  whole  of  which  had  been  already  ma* 
nured  in  toe  ordinary  way  with  fold-yard  manure.  The  difference  of  produce 
wonkl  thus  show  its  efficacy,  in  the  given  circumstances ;  and  the  experiment 
could  be  made  effectually  at  the  cost  of  a  ain^e  cw^.  of  gypsum. 

I  have  not  included  ra^  dust  among  the  tnala  above  sueg^ested,  though  it  is 
undoubtedly,  under  certain  modes  of  management,  a  beneficial  manure  Doth  to 
com  and  turnip  crops.  There  is  also  a  diversity  of  opinion  as  to  the  cause  of 
iu  fertilizing  action,  as  well  as  a  manifest  dinerence  in  the  effect  of  different 
uajoKpiM  of  the  dust  on  the  same  soil.  Though,  therefore,  certain  experiments 
which  I  may  on  a  (utuie  occasion  suggest,  would  undoubtedly  throw  light  on 
the  cause  or  the  good  qualities  of  this  manure,  yet  as  its  action  Ttaking  different 
samp&ea)  is  not  constant  on  the  same  soil,  results  obtained  with  it  cannot  pos- 
•esa  the  same  importance,  either  theoretical  or  practical,  as  those  which  are  ob- 
served to  follow  nom  the  use  of  bones  and  of  saline  substances,  the  composi- 
tion of  which  is  neariy  invariable. 

Many  fermers,  however,  are  in  the  habit  of  constantly  using  nme  dust  If 
any  of  these  eould  conveniently  make  experiments  on  the  effect  of  cuiferent  sam- 
ples of  the  cake,  iiom  different  kinds  of  seed,  and  from  different  oil  mills,  and 
would  aceurately  note  the  results,  they  would  perform  an  important  service  in 
preparing  the  way  for  that  clear  explanation  of  the  cause  of  its  fertilizing  action, 
whieh  is  at  present  wanted,*  and  which  experiment  alone  can  discover  to  us. 


*  BsgoodeflMCs>reteoenllvattrlbiiled  lo  the  oil  irbleh  le  left  In  Um  seed,  and  Its  farr* 
km  aetfeo  to  the  dltfhreot  quantUea  of  ott  left  to  tt  bv  dlflbrent  cniaben.    I  doobt  bowtveTi 
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IT.     OW  POTATOES. 

1^.  NitnUier  of  toda  has  beefi  applied  with  great  benefit  to  potatoes  also.  Af- 
ter the  potatoes  haTe  been  hanowed  down  and  rhand)  hoed,  and  the  plants  aro 
four  to  six  inches  above  the  graund,  it  is  applied  by  the  band  round  the  stem 
of  the  plants,  and  the  earth  then  set  up  by  the  ploug^h.  Mr.  TumbuU,  in  Dum* 
bartonshire,  last  year  used  it  in  this  way  at  the  mte  of  H  to  2  cwt  par  Scotch 
acre,  {l{  English  acres,)  and  the  produce  exceeded  that  of  the  land  to  which  no 
nitrate  was  applied,  by  20  Scotch  bolls  to  the  Scotch  acre. 

2^.  Applied  in  the  same  way  there  is  eyeiy  reason  to  beUcTc  that  the  sul- 
phate of  soda  would  haTC  a  highly  beneficial  effect  also.  I  repeat  my  recom- 
mendation that  this  substance  should  be  foirly  tried  with  eTcrv  crop,  because  it 
is  a  product  of  our  own  manufiictories,  which  can  be  supplied  in  unlimited 
quantity,  and  without  the  chance  of  anv  material  increase  of  cost:  while  the 
nitrste  of  soda  is  already  in  the  hands  or  speculaUHrs,  and  within  a  short  period 
has  risen  in  the  maiicet  to  the  extent  of  neariy  one-third  of  its  former  price. 

In  piasUring  their  potatoes,  the  Americans  ^nerally  put  in  a  enoonfiil  of 
gjrpsnm  with  every  cutting— a  similar  method,  if  preferred,  roif  ht  oe  adopted 
with  the  nitrate  and  sulphate  of  soda,  thou^  the  chance  of  loss  oy  percolation 
through  the  soil,  would,  by  this  method,  be  m  some  degree  increased.  In  Flan- 
ders, wood  ashes  and  rape  dost  are  frequently  thrown  in  by  the  hand,  when  each 
cuttinr  is  introduced. 

3^.  1  shall  have  occasion  hereafter  to  recommend  to  the  attention  of  the  prac- 
tical &rmer,  many  waste  materials  of  rarious  kinds,  thrown  out  from  our  manu- 
fiictories,  the  application  of  which  to  useful  purposes  would  be  a  great  national 
benefiL  In  reference  to  the  culture  of  potatoes,  1  will  here  bring  under  your  no- 
tice the  chloride  of  calcium,  which  is  said  to  have  been  beneficially  applied  to 
various  crops,  but  to  potatoes  especially,  with  suq^rising  effect  Under  the  in- 
fluence of  tnis  substance  the  sunflower  and  maize  have  grown  to  the  height  of 
14  to  18  feet,  and  potatoes  have  attained  the  weight  of  2  to  3  lbs.  *  In  Germany, 
Sprengel  also  found  it  usefbl  to  potatoes. — {ChemieJUr  Landwirthe^  I.  p.^Qb.) 

Thousands  of  tons  of  chloride  of  calcium  may  every  year  be  prepared  from  the 
waste  materials  which  flow  into  the  river  Tvne,  firom  the  alkali  worics  upon  its 
banks.  Thousands  of  gallons  of  the  soluuon  of  this  substance  yeaiiy  run  off 
from  the  works  of  Messrs.  Allan  &  Co  at  Heworth,  and  might  be  procured  for 
httle  more  than  the  expense  of  collecting.  It  is  also  contain^  largelv,  though 
mixed  with  other  substances,  in  the  motner  liquor  of  the  salt  pans ;  and  from  the 
numerous  salt  works  on  the  coast  might  readily  be  obtained  for  trial  When 
prepared  in  the  dry  state,  this  substance  rapidly  deUquesoes  and  runs  into  a  liquid. 
The  most  convement  way  of  applying  it,  therefor^  would  be  in  the  state  of  so- 
lution— so  largely  diluted  as  to  nave  only  a  slight  taste—and  hy  means  of  a  wa- 
tering cart  so  contrived  as  to  idlow  it  to  flow  on  the  tops  of  the  ridges  and  young 
planu,  by  which  unnecessary  waste  would  be  prevented. 

Without  knowing  the  strength  of  the  solution  likely  to  be  obtained  firom  the 

works,  it  is  impossible  to  give  any  idea  of  the  quantity  of  the  chloride  of  calcium 

which  ought  to  be  employed ;  but  500  gallons  per  acre  may  safely  be  used,  if 

the  solution  be  so  far  diluted  as  to  have  only  a  decided  taste  of  the  substanee. 

The  experiments  here  suggested,  therefore,  require  four  patches,  as  follows : — 

1     These  experiments  are  supposed  to  be  made  in  mund 

already  prepared  for  the  potatoe  crop,  by  the  ususl  quan- 
tity of  manure.  I  think  it  not  unlikefy,  hovrever,  that 
by  plantinj^  the  potatoe  in  the  midst  of  nitrate  or  sul- 
phate (spnnkled  over  with  dry  soil)  at  the  rate  of  |  cwt 
per  acre,  and  afierwaids  appl^ring  1  cwt.  pw  acre,  when 
the  plants  are  hoed,  a  crop  might  be  obtained  without 
the  use  of  manure.    Of  course,  such  an  experiment  as 


Salphste  of 
8oda,ltolX 
cwL  pr  acre. 
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tubacs,  very  asaj  of  whteb  weigh  Slba  sad  BMay  sasla  to 
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this,  though  impoitaiit  to  \m  made,  shoold  be  tried  eantioiiiljr,  and  o«  fudi  a 
■eale  as  to  secure  the  eiperimenter  from  any  serious  loss. 

In  the  abore  suggestions  I  have  introduced  ndhing  in  regard  to  mueed  ma- 
nures— though  where  plants  require  for  the  supply  m  all  tMir  wants  nine  or 
ten  different  ingredients,  of  which  the  soil  they  grow  in  ean  periiaps  yield  in 
sufficient  quantity  only  three  or  four,  it  is  obnous  that  the  veiy  best  coose* 
qnences  may  follow  firom  the  employment  of  mixed  manures.  To  this  dass 
odong  common  night-soil,  urine,  animalised  carbon,  poudnUe  (night-soil  mixBd 
with  Ume  and  gypsum),  ihtpandre  vegeiaUf  (a,  mixture  of  soot  and  saltpetre), 
the  mrate  (now  manufiictured  in  London),  ana  many  others. 

The  mode  of  preparing,  and  the  special  uses  of  theae  and  other  mixed  ma- 
nures, will  be  e:q>Uaned  m  the  third  part  of  these  lectures,  which  will  be  deroted 
to  the  consideration  of  the  nature  and  uses,  and  to  the  theory  of  the  action  of 
natural  and  artificial  fertilizen.  In  the  mean  time  it  is  deoraUe,  in  the  fint 
place,  to  obtain  results  from  which  the  special  action  of  each,  when  used  «2ra«, 
can  be  fiuriy  deduced. 

That  these  ex|)eriments  may  have  their  frill  Talue,  it  is  indisnensable  that  a 
measured  portion  of  each  field  should  be  left  without  manure  or  oresaing  of  any 
kind,  in  oraer  that  a  true  idea  may  be  formed  of  the  exaet  effect  of  eaoh  suh- 
stance  employed.  Experiments  are  valuable  to  the  practical  man  if  they  mere- 
ly show  the  superiority  of  one  species  of  manure  over  another,  but  they  are  in- 
sufilcient  to  show  how  much  each  of  them  tends  to  increase  the  produce — or  to 
enable  us  to  airire  at  a  satisfiictory  explanation  of  the  mode  m  which  they 
seTensdly  act  in  promoting  ▼egetation^ 

Among  other  important  experiments  lately  published,  to  which  the  above  oh- 
serration  is  applicable,  may  be  mentioned  tlioae  of  Mr.  T.  Waite  of  Doneaster. 
The  eflfects  of  nitrate  of  soda  on  his  land  were  very  striking,  showine  a  remarkable 
increase  of  produce  over  bone  dust,  rape-dust,  or  rotten  fold-yanimanure— but 
he  does  not  seem  to  have  determined  the  produce  of  the  same  land  during  the 
same  season  and  toUkaut  mtmnre.  We  havei  therefore,  no  tenn  of  companson, 
by  means  of  which  we  can  ascertain  the  absolute  or  eren  the  exact  comparative 
efiect  of  the  different  substances  employed. 

It  has  been  well  observed  by  Sir  Humphry  Davy,  **  that  nothing  is  more 
wanting  in  agriculture  than  experiments  in  which  aU  tke  draimtUmoa  are  mi- 
nntdyuid  scientifically  detailed,  and  that  this  art  will  advance  in  propoition  as 
it  becomes  exact  in  its  methods."*  The  above  sugKesUons  are  submitted  to 
practical  men  in  the  hope  that  they  may  assist  in  introducing  such  exaet  meth- 
ods into  our  agricultural  operations,  and  at  the  same  time  promote  the  theoreti- 
cal advancement  of  the  meet  important  art  of  lift. 

Exact  methods  lead  to  theoretical  discoveries,  while  these  are  no  less  oertain- 
ly  IbUowed  by  important  practical  improvements* 


#w 

Ik  iHustration  of  the  effect  of  sodden  alternations  of  tsmpecatuis  on  vegetable 
substances,  explained  in  a  note  subjoined  to  page  37, 1  quote  with  pleasure  tha 

Ibe  weight  of  SIbe.    Wbenperfeetljrip6,lticMldtc>b«anexcell«Dttablepolstoe>si4tot# 
bert ifitb« aprtoff.— .A^Aany  CWMNtfor,>r  JiertA, XMl.  r""^ 

*AfikiiIlarilCb«atistf7,IieetareL  ^  j 

uigitizedbyCjOOgle 


oir  mvom  almmuhmiw  or  vwfifmwMTutLK.         [Afimmdu^ 


tbUowinir  anitnietive  leltw  ftom  en  My  Mndoetod  noatl^y  Journal  publifllied 
at  Albany,  in  the  Slata  of  Nonr-York,  under  Iho  tide  of  Uie  CuilkMor,  It  is 
extracted  fnm  the  Nomber  M  Maroh  laet  :— 

"  In  repaid  to  Iriah  potauies,  a  atiU  thmner  coTering  of  earth  than  the  one 
jost  mentioned  avfioee  with  ua  to  preaarre  them  iirom  rotting.  Indeed,  it  would 
aeem  aa  if  ther  eonld  fieeze  and  thaw  aeTenU  times,  dnnn^  winter,  without 
being  deatroyed,  proYided  ther  are  eorerod  with  earth  all  the  ume ;  for  we  often 
find  them  near  the  saiftoe  ana  perfectly  aound,  in  the  apringf  when  apadinf  ap 
the  ground  in  which  the  crop  bad  grown  during  the  pre^iooa  aeaaon.  There 
they  muat  haye  undoff^one  freesing  and  thawing  whenever  the  earth  was  in 
either  ataie,  aa  it  often  la  to  a  mooh  greater  depth  than  the  potatoe  roota  ever 
extend.  Why  ahould  those  roots  always  be  destrojred  when  they  freeae  0^01:0 
grvumdf  and  not  suffer  equally  when  frmen  under  ground  ? 

"  The  reason  why  potatoes,  apples,  &bc.  become  eoA,  and  rot  when  firosen 
and  then  thawed  suddenly,  uneovered  and  in  open  air,  is  the  sudden  thawing. 
You  may  put  a  heap  of  apples  on  the  floor  of  a  room,  or  other  dry  place,  where 
they  will  freeze  pernctly  nard,  and  if  oovered  dose  with  any  thine  that  will  ex- 
clude the  air,  when  the  weather  becomes  warm  enoosfh  to  tbaw,  the  applea  will 
remain  aound  and  uninjured,  after  they  are  thua  ctoaely  thawed.  The  cover 
may  be  of  the  coarae  tow  of  flax,  or  any  article  that  will  cover  them  dooe  and 
exelode  the  air.  So  apples  may  be  packed  in  a  tight  barrd,  if  full  and  headed 
up  so  as  to  exclude  tbe  air.  They  may  be  suffered  to  remain  so  in  a  garret,  or 
any  dry  place  where  it  fieezes  hara,  and  they  will  be  found  sound  and  fiee  fit>m 
injury,  iithe  banel  remains  tight  till  they  are  tkenm^kiif  iAawed,  It  is  the  sud- 
den taawing  that  causes  the  apples  or  other  vegetables  to  become  soft  and  roc 

**  So  if  the  fingen  on  your  hand  be  frozen,  and  you  expose  them  to  sudden 
heat  by  warming  them  at  the  fire  and  they  suddenly  thaw,  the  flesh  will  morti- 
fy and  slough  off.  But,  if  you  freeze  your  flngen  or  other  limbs,  and  pot  them 
in  snow,  and  rub  gently  till  they  thaw,— or  if  put  into  a  pail  of  water  just  drawn 
trom  the  well,  which  will  be  less  cold  than  your  frozen  iUigen,-»they  will  thaw 
slowly,  and  suffer  but  little  injury. 

'^  So  during  the  eariy  autumnal  frosts  in  September,  if  the  morning  after  the 


water  from  the  well,  long  enough  to  extract  the  frost  befiMre  the  son  shines  on 
them,  they  do  not  suffer. 

*'  Onions  are  a  diflicolt  root  to  keep  in  winter.  If  they  are  pot  in  a  cellar 
warm  enough  to  save  them  from  ihMt,  they  will  vegetate  and  be  oaterionted.  I 
put  ihem  in  the  warehonae,  where  they  flp^zs  as  hard  aa  if  out  of  doora.  If  in 
a  heap,  I  cover  them  doae  with  some  old  clothes,  or  anything  that  coven  doae, 
to  exclude  the  air.  The  same  if  in  boxes  or  casks.  They  freeze  hard,  but  it 
does  not  appear  to  injure  them  fi>r  present  use,  if  thawed  by  puttine  them  into 
a  pail  of  ^rash-drawn  water,  to  draw  out  the  frost  just  before  coc&ng  them. 
Onions,  thus  kept,  will  be  in  good  condition  in  the  spring,  afler  thawing  under 
cover  from  the  air. 

'*  I  put  parsneps,  carrots,  beeu,  dtc.,  in  boxes  or  casks,  and  then  cover  them 
with  potatoes,  which  preserves  them  from  drying." 

In  further  illustration  of  this  subject  I  need  only  recall  to  the  recollection  of 
the  enrdener  the  well  known  fact,  that,  when  the  winter  frosts  begin  to  set  m, 
and  his  finest  flowers  to  be  nipped,  those  continue  to  blow  the  longest,  on  which 
the  sun's  rays  frJNatest  in  the  day.  Dahlias  protected  in  this  way,  will  bloom 
oceadonally  frir  woeks,  after  those  which  regwd  the  eastem  sky  are  completdy 
withered. 

Professor  Lindley  has  published  a  series  of  valuable  observations  on  the  effects 
of  esrtreme  cold  upon  plants.  The  general  results  of  these  observations  are 
Mstsd  m  his  '*Th£ary  of  BartiaiUwn,''  p.  88.    But  the  conduslons  at  whidi 
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ha  hat  airived  aie  deduced  finom  the  appearance  prMented  by  the  plmft  after  it 
was  thawed.  He  found  the  tissue  more  or  less  lacerated,  the  contents  of  the  air 
and  sap  vessels  intermingled,  and  the  colouring  matter  and  other  secretions  de- 
composed. He  attributes  the  laceration  to  the  freezing  and  conseouent  expan- 
sion of  the  juices,  but  this  cannot  be  the  necessary  consequence  of  uat  freezine, 
since  it  does  not  appear,  if  the  whole  tuber  or  leaf  be  slowly  thawed.  I  wouM 
enriain  the  phenomena  as  follows  :—- 

1°.  When  the  leaf)  fruit,  or  tuber  freezes,  the  fluid  portions  slighdy  expand 
in  becoming  solid,  but  the  air  in  the  airTessels  contracts  in  at  least  en  eqmd  de- 
me)  and  thus. allows  a  lateral  expansion  of  the  sap  vessels  sufficient  to  prevent 
Msion.  When  the  temperature  is  slighdy  raised,  the  air  expands  but  slightly, 
and  ice  is  melted  long  before  the  gaseous  substances  reach  their  original  duIk. 

29.  But  if  the  rays  of  the  sun  strike  suddenly  upon  the  leaf  or  fhut,  the  sur- 
fiioe  may  at  once  be  raised  in  temperature  3U^'  or  4(F  F.  The  air  will  conse- 
quently expand  suddenly,  and  before  the  sap  is  thawed  may  have  distended  and 
torn  the  vessels,  and  caused  sap  and  air  to  oe  mutually  intermineled. 

3^.  But  the  moment  the  sun's  rays  strike  upon  the  green  leaf,  its  chemical 
fiinctions  commence.  It  begins  to  absorb  and  decompose  carbonic  acid :  and 
as  in  the  frozen  part  of  the  leaf  the  circulation  is  not,  and  in  consequence  of  the 
lesion  cannot  be,  established,  the  chemical  action  of  the  sun's  rayfe  must  be  ex- 
pended upon  the  stagnant  sap ;  and  hence  those  changes  not  only  in  the  sap 
Itself,  but  even  in  the  solid  pans,  which  are  seen  to  take  place  in  ths  withered 
leaf. 

4°.  Though  not  in  a  state  of  growth,  the  tuber  of  the  potatoe  contains  the 
living  principle,  and  there  must  be  such  a  circulation  going  on  in  its  interior  as 
^to  maintain  an  approximate  equilibrium  of  temperature  throughout  its  sub- 
stance. A  sudden  thawing  of  the  exterior,  will,  as  in  the  leaf,  expand  the  air 
before  the  circulation  can  be  established  throughout  the  frozen  mass.  The  solid, 
fluid,  and  aeriform  substances  which  nature  has  separated  and  set  apart-from 
each  other,  will  thus  all  be  intermingled,  and  from  their  mutual  action,  those 
chemical  changes  of  which  we  know  the  starch  of  the  potatoe  to  be  susceptible, 
will  speedily  ensue ;— -in  other  words,  the  potatoe  will  rot. 

Tfas  practical  applieadons  of  these  views  are  numerous.  If  a  sudden  frost 
come  on,— protect  your  deUcate  flowers  in  the  early  rooming  from  the  rays  of 
the  mnproaching  son,  and  cover  with  straw  or  earth  the  potatoes  vludi  have 
been  tm  overnight  in  the  field. 
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BBSVLTB  OF  BXPaRXXBIVTS   ON   PBACTICAL  AOBXCUIiTVSB  DUBINO 
THB   SPBIITG  AND   8UX1CSB    OF  1841. 

{See  Appendix,  No.  l.,ami  Lecktres  VIII.  ^md  IX.) 

Ih  a  previous  article  Inserted  in  this  Appendix,  and  wliich  was  published 
eariy  in  the  present  spring  (April,  1841,)  I  ventured  to  offer  to  the  practical  ag- 
riculturist some  suggestions  in  regard  to  the  experimental  use  or  certain  un- 
mixed manures.  From  the  rssulu  of  these  expenmenu,  which  1  was  quite  sure 
)  of  the  many  zealous  agriculturisU  of  the  day  would  be  induced  to  under- 
r  tha  maonar,  and  wid&  the  pracautiona,  I  aad  pointad  out,  I  anticipated 
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a  tvo-foU  adTaotafe.  In  the  lint  |^ce,  that  important  practical  benefita  to 
the  a^cuUure  of  certain  diBtricu  would  be  derived  from  them,  and  secondly, 
that  interestine  and  important  light  would  be  thrown  by  them  on  many  nana 
of  agriculturaT  theory.  It  is  by  experiment  that  all  the  remarkable  reaolta— 
theoretical  as  well  as  i>mctical— of  modem  chemistry  have  been  arriTed  at ; 
but  by  ezpetimenu  cautiously  made,  frequently  repeated,  and  logically  reaaon- 
ed  from.  The  proceedings  of  the  practical  farmer  are  a  continued  course  of  ex- 
perimental trials,  and  to  conrert  him  into  an  experimental  philosopher,  and  to 
lead  him  to. philosophical  results,  it  is  necessary  only  that  his  experimenu 
ahould  bo  made  wUi  a  constant  reference  to  weight  and  measure^  and  should  be 
repeated  under  varied  and  carefhuy  noted  conditions — and  that  he  should  be 
taught  to  draw  from  them  no  conclusions  more  general  than  they  really 
justify. 

The  following  results  of  experiments  made  during  the  past  summer  confirm 
all  my  anticipations.  Though  necessarily  somewhat  limited,  and  load  in  their 
nature,  they,  nevertheless,  present  on  the  whole  a  beautifril  illustration  of  what 
we  have  yet  to  expect  from  a  continuation  of  such  experimental  reseeu^ea,  con- 
ducted in  so  skilful  a  manner.  I  need  not  especially  commend  the  experiments 
of  Mr.  Fleming :  for  1  can  scarcely,  I  think,  render  a  better  service  to  practieid 
agriculture  than  by  placing  all  of  them  in  the  hands  of  practical  men,  and  ear- 
nestly commending  them  to  their  careful  consideration  and  imitadon. 

I.  Experiments  made  near  Aake  Hall,  on  the  property  of  the  Eari  of  Zet> 
land,  on  lota  of  half  an  acre  each* 


3.  Sali^-pid  on  May  2i— 3  bvsheU  cost  6s.  &/. 
Weight  of  grass  when  mown,  3  tons  19  cwt 
Weight  when  made  into  hay,  1    **    16    " 


3.  NoManmre. 

Weight  of  grass  when  mown,  3  tons  12  cwt. 

Weight  when  made  into  hay,  1    <*      6    *' 


1.  Soof.—r^onMayQi^lObuskelseostes.GiL 
Weight  ojf  grass  when  mown,  3  tons  16  cwt 
Weight  when  made  into  hay,  1    **     15    "    . 


4.  NUraieof  Soda-^ptU  on  ilfoy  ^i^-^stones 

cost  Us. 
Weight  of  grass  when  mown,  4  tons  10  cwt 
Weight  when  made  into  hay,  1     "    12   " 


5.  SidpkaU  of  Soda  {in  erysUdsy-fiui  on  May 

a4--4  stones  cost  ids. 
Woght  of  grass  when  mown,  3  tons  3  cwt 
Weight  when  made  into  hay,  1    "    9    " 


6.  Quiphiiuic  Acidr^kvut  on  M<^  26,  |  ^  m 

JufK  Tk  puion  Mne  1 1 — IK&s.  cost  6s. 
Weight  of  grass  when  mown,  3  tons  4  cwt 
Weight  when  made  into  hay,  1     "    6    '< 
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Mr.  TimMT,  hia  lordship's  a^^est,  thus  writes: — 

"  The  plan  I  followed  in  putting  on  the  different  manures,  and  the  quantities 
used,  accorded  as  nearly  as  I  could  manage  it,  with  the  directions  given  in  your 
published  lectures. 

**  The  field  on  which  the  experiments  were  tried  is  situate  in  a  high,  bleak 
eliroate,  and  consists  of  a  thin  light  soil,  upon  a  bad  subsoil  of  barren  day 
resting  upon  limestone.  It  had  l^en  completely  exhausted  by  a  succession  of 
white  crops,  and  was  full  of  weeds  and  quickens.  I  had  it  well  ploughed,  and 
took  a  crop  of  drilled  turnips  fairly,  but  not  extraTaeantly,  manured.  The  crop 
was  a  poor  one.  I  ploughed  the  land  as  soon  as  the  turnips  could  be  got  on. 
Drained  it ;  and  in  the  sprine  worked  it  very  fine.  The  following  August  I 
sowed  it  away  with  grass  seeds  without  a  crop.  The  seeds  came  up  beautiful- 
ly, and  were  the  admiration  of  all  who  saw  them,  keeping  a  deep  green  through 
the  winter,  and  beginning  to  grow  early  in  the  spring;  and  it  was  on  this  crop 
that  the  experiment  was  tried  early  in  the  succeeding  summer. 

"  I  need  scarcely  remark,  that  the  crop  of  grass  for  such  land  was  enormous, 
and  has  fully  repaid  the  money  expeodcKl  upon  it,  with  the  exception  of  drain- 
ing, and  in  two  or  three  years  I  have  no  doubt  but  it  will  repay  this  also." 

Remarks. — On  comparing  the  effect  of  these  seveml  topHdressings  as  indi- 
cated by  the  results  above  stated,  the  reader  will  be  struck  with  the  extraordi- 
nary increase  caused  by  the  addition  of  common  salt.  I  have  in  the  text 
(Lecture  IX.,  p.  190,)  indicated  a  principle  which  may  serve  to  explain  in  some 
measure  both  tne  localities  in  which  the  use  of  common  salt  may  be  expected 
to  be  beneficial,  and  the  reason  why  in  many  parts  of  our  island  the  employ- 
ment of  this  substance  has  not  been  attended  by  any  large  measure  of  success. 
The  position  of  the  land  experimented  upon  by  Mr.  Turner,  is  such  as  to  lead 
us  to  expect  it  to  be  improved  by  common  seat,  according  to  the  views  there 
stated. 

The  nitrate  of  soda  produced  less  effect  than  either  the  common  salt  or'  the 
soot,  but  itgavc  an  increase  which  was  double  of  that  yielded  by  the  sulphate 
of  soda.  The  latter  salt,  however,  was  applied  in  the  state  of  crystals,  which 
contain  53  per  cent  of  water,  so  that  less  than  one  half  of  that  weight  of  dry 
salt  was  used,  which  was  recommended  in  the  suggestions  I  offer^  for  the 
employment  of  this  substance  in  practical  agriculture.    At  the  same  time,  the 

C'lce  paid  by  Mr.  Turner  for  this  salt  was  four  times  as  great  as  it  ought  to 
ve  been.  Any  quantity  of  the  dry  sulphate  of  soda  may  be  procured  at  lOs. 
a  ewt,  at  which  price  it  is  forwarded  in  casks  to  all  parts  of  the  country  by 
Messrs.  Allan  &  Co.,  Heworth  Alkali  Worits,  Newcastle. 

The  most  valuable  pmctical  suggestion  to  be  derived  from  these  experiments 
is  certainly  this^that  a  liberal  use  of  common  salt  is  likely  to  increase  in  a  great 
degree  the  produce  of  grass  in  the  locality  where  they  were  made,  and  on  the 
same  kind  of  soil.  This  valuable  discovery  will  &r  more  than  repay  the  ex- 
pense and  trouble  of  the  entire  aeries  of  experiments.  No  application  can  be 
so  cheap  as  this,  J9J^  Of  t<  tucooeds.  At  the  same  time  a  mixUire  of  the  other 
•ubstances— the  nitrate  and  the  sulphate,  which  were  parually  successful— might 
possibly  prove  still  more  efficacious  on  the  grass,  and  might  be  expected  even 
to  ameliorate  the  condition  of  the  land  for  the  further  production  of  white  crops. 
In  a  future  part  of  this  Appendix  I  intend  to  offer  some  suggestions  in  regard  to 
the  Hnd  and  quMiiUft/  of  the  ingredients  which  may,  with  probable  advantage, 
enter  into  the  constitution  of  these  mixed  mamuret. 

I  have  calculated  and  introduced  into  Mr.  Turner's  table  an  additional  col- 
umn, exhibiting  the  weight  of  hay  yielded  by  100  lbs.  of  crass,  with  the  view 
of  showine  the  relative  succulence  of  the  several  crops  when  cut.  As  a  een- 
eral  rule,  &  weight  of  dry  hay  does  not  exceed  one-fourth  of  the  weight  of  the 
gnus  when  cut  In  the  experunents  of  Mr.  Turner,  however,  the  weight  of 
.Say  in  every  case  was  much  beyond  this  quantity— the  most  succulent  crop, 
that  to  which  no  dreaaing  was  applied,  yiekung  36  per  cent  of  hay.    Tbitgjm- 
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cral  mult  may  have  been  partly  due  to  the  atate  of  ripeneM  in  which  all  the 
grasaes  were  cut,  while  the  greater  produce  of  hay  from  the  dxeeaed  portions 
may  indicate  the  relatire  ripeness,  ana  therefore  dryness,  of  each  when  cut  down. 

Xi  is  cTident,  therefore,  that  the  relative  values  of  crops  of  grass  or  elover  are 
not  to  be  judgisd  of  by  the  several  weights  when  green,  but  by  the  weights  of 
tlie  dry  hay.  This  is  further  confirmed  by  the  results  of  an  experiment  with 
nitrate  of  soda,  communicated  to  me  by  Mr,  Camiihers,  of  Warmonbie,  near 
Annan,  in  which  the  relative  weights  of  hay  obtained  were  much  more  injammr 
of  the  use  of  the  nitrate  than  the  several  weights  of  grass  yielded  by  the  aiessed 
and  undressed  portions  of  the  field.  On  the  contrary,  fimm  a  field  on  Oliver 
Farm,  near  Ricnmond,  Mr.  Sivers  informs  me,  that  the  weight  of  hay  waaimidl 
less  in  fa-vaur*  of  the  use  of  the  nitrate  of  soda  than  the  relative  weights  of 
grass.  In  all  cases,  therefore,  the  weight  of  the  dry  crops  obtained  by  diffi»rent 
metliods  should  be  compared  with  each  other,  as  the  safest  test  of  tne  relative 
merits  of  the  several  modes  of  procedure  by  which  they  have  respeotively  beoa 
raised. 

II.  Experiments  made  at  Erskine,  on  the  property  of  Lord  Blantyre. 

I  insert  the  clear  and  well-digested  statement  of  his  Lordship's  agent  without 
alteration : — 

"  Freeland,  Erskine,  by  Old  Kilpa^rick,  CRasgotr,  9&tA  July,  IMI. 

"  Sir— Agreeably  to  Lord  Blantyre's  instructions  I  send  you  a  copy  of  the  re- 
sults of  some  experiments  with  manures  on  young  ^nsa  for  hay,  undertaken 
on  two  separate  pieces  of  land — the  one  a  very  good  light  soil  (suDeoil  gravel) ; 
the  other  stiff  clay  soil  with  a  clay  subsoil.  The  manures  were  applied  on  Ist 
May,  the  hay  cut  on  the  Ist  and  weighed  on  the  19th  July  current;  the  extent 
of  each  plot  one-twentieth  of  an  imperial  acre.  From  the  small  extent  of  each  plot 
it  will  be  evident  that  the  results  cannot  be  exactly  depended  on,  fiuther  than  as 
a  ffeneral  result ;  because  in  so  small  a  portion  of  lana  the  least  variation  in  the 
•ou  or  crop  naturally  will  affect  the  results  very  materially ;  still,  on  the  whole, 
I  am  of  opinion  that  the  experiment  gives  the  comparative  view  of  Uie  value  of 
the  different  manures  used  pretty  nearly. 

"  One  thing  has  astonished  us  with  regard  to  soda  (nitrate).  On  all  the  fields 
I  have  observed  it  so¥m  on,  the  part  dressed  has  a  much  greater  vigour  of  af^ 
math  than  where  no  nitrate  of  soda  was  given :  showing  that  this  manure  is  not 


so  evanescent  as  was  generally  supposed.   • 

"1  am.  Sir,  your  most  obedient 


servant, 

"Jis.  Wilson." 


EzpirimetUs  wUk  Mamures  as  a  top-dressing  far  Hay,  at  Erskine,  1841. 

RiMARKs. — ^It  will  be  observed  in  these  experiments,  that  the  saltpetre  and 
nitrate  of  soda  produced  nearly  an  equal  increase  on  both  kinds  of  soiL  the  ni<> 
tnte  of  soda  having  the  greater  effect  on  the  light,  the  nitrate  of  potash  on  tha 
heavy  soil.  Next  to  these  on  the  light  soil  are  the  common  salt  and  sulphate  of 
soda,  though  on  the  heavy  soil  the  common  salt  had  the  better  effect  of  the  two. 
It  is  to  be  observed,  however,  that  in  this  case  the  sulphate  vras  used  in  cryalals, 
and  therefore  only  in  half  the  quantity  recommended.  Hadiwioe  the  Quantity 
been  employed  upon  the  Ugkt  soil  the  produce  might  have  equalled  that  from  tb!e 
nitrates. 

It  is  a  singular  illustration,  however,  of  the  necessity  of  applying  difiTerent 
substances  to  different  soils— that  so  far  as  this  experiment  is  to  be  dependod 
upon,  the  sulphate  of  soda  almost  entirely  failed  on  the  heavy  land. 

The  most  valuable  pmetical  deduction  from  these  experiments  also,  is,  that 
on  both  the  soils  in  question,  the  grass  land,  m  its  preeeni  condition,  may  be  aalted 
to  advantage.  At  the  same  time,  it  appears  probable  that  on  the  light  ami  th« 
increased  produce  would  amply  repay  die  cost  of  applying  either  nitiala  or  sol- 

sa'JSL?/'  £T2!!-!;^S*"*^  **f3?^/"*  mircJed,  vive  68  stDoes  of  hav,  unnltiatad 
« itonjj^batwhjn Jj ^ey wewr^laced to  1!^ atoaes esSL    Bk>w very mnoii mora  sne- 
t&Mo  giasMs  were  thwn  tbost  of  Mr.  Taraer ! 
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phate  of  soda  at  the  rate  of  190  lbs.  per  acr^-^the  latter  betng  in  iti  dry  or  un- 
crystaUized  state. 

The  effect,  ^nerally,  of  all  the  dressings  is  strikingly  gctnteac  on  the  light 
soil — a  fact  which  s|^aks  strongly  in  fiiTOur  of  the  adoption  of  any  of  those 
methods  by  which  the  openness  and  friabiJity  of  the  land  has  been  found  to  be 
perroanenily  promoted.  On  the  stiff  soil,  even  the  ammonia,  by  some  deemed 
so  vitally  necessary  to  regetation,  appears  to  have  produced  no  sensible  alter- 
ation. 


1 

Manures  oaed,  sod  ouantlUes  apptted,  to 
each  ptoi  of  1-aOih  of  an  acre. 

%i 

ft 

Tdi«]  produce 

ToUl  addJUouJ 

oS 

per 

weig 

^lipe^ 

E 

^a 

1^ 

Impti-iftt  Acre. 

Imperial  icrs.  ] 

1 

Exp.  I.  Good  light  soil,  subsoil  gravel. 

1  lb.  sulphuric  acid,  diluted  in  47  ) 

galls,  water        ...     J 

371 

44 

ls.cwt 
2    8 

qn-lbt. 
1  16 

t8.ewt 
-    7 

qrB.lt)fl. 
3  13 

2 

6  lbs.  saltpetre  (nitrate  of  potash) 

333 

95 

2  17 

3    0 

-  16 

334 

3 

6  lbs.  nitrate  of  soda  . 

339 

113 

3    0 

2    4 

1     0 

0    0 

4 

Gibs,  sulphate  of  soda  (in  crystals) 

393 

65 

2  12 

0  16 

-  11 

3  13 

5 

17  lbs.  gypsum  . 

354 

27 

2    5 

1  12 

-    4 

3    8 

6 

1  bush,  wood  charcoal  (pounded) 
i  bush,  common  salt,  25  galls,  water 

377 

50 

2    9 

1  24 

-    8 

330 

7 

394 

67 

2  12 

2    0 

-  11 

334 

8 

1  gal.  ammoniacal  liquor,  47  gls.  water 
No  application  .... 

377 

50 

2    9 

1  24 

-    8 

3  30 

9 

337 

__ 

2    0 

2    4 

-    - 

-    - 

Exp.  II  Clay  soU,  subsoil  day. 

1 

1  lb.  sulphuric  acid,  diluted  in  47  \ 
gaUa.  water     .        .        .         ) 
6  lbs.  saltpetre  (nitrate  of  potash) 

356 

26 

2    5 

224 

-    4 

2  16 

2 

386 

56 

3  11 

0    8 

-  10 

0    0 

3 

61bs.  nitrate  of  soda  . 

383 

53 

1  10 

1  12 

-    9 

1    4 

4 

6  lbs.  sulphate  of  soda  (in  crystals) 

333 

S 

2    1 

1  20 

-    0 

1  12 

5 

17  lbs.  gypsum  .... 

340 

10 

2    2 

3  13 

-    1 

3    4 

6 

1  bush,  wood  charcoal  (pounded) 

357 

37 

2    5 

3  16 

-    4 

3    8 

7 

i  bush,  common  salt,  35  galls,  water 

369 

39 

2    8 

0    4 

-    6 

3  24 

8 

1  gal  ammoniacal  liquor,  47  gls. water 
No  application  .... 

301 

1  15 

3  16 

.    . 

9 

330 

— 

2    1 

0    8 

-    - 

-    - 

Rateper 
Imp.  Rood 

Weight  per 

Weight 

No. 

Field. 

Dreeiiiig. 

Rood,  green. 

when  stack'd 

.1 

Covenlea. 

Nothing. 
Nitrate  of  Soda. 

__ 

3361  lbs. 

1130  lbs. 

2 

Do. 

40  lbs. 

4907  " 

1636  " 

3 

Do. 

Sulphate  of  Soda. 

40  lbs. 

3966  " 

1323  " 

4 

Do. 

Gypsum. 

Nothing. 

Nitrate  of  Soda. 

10  lbs. 

3831  " 

1377  " 

1 

Crook's  High 



4436  <* 

1478" 

2 

Do. 

40  lbs. 

4999  " 

1666  " 

1 

Crook's  Low. 

Nothing. 

2185  " 

738  " 

2 

Do. 

Nitrate  of  Soda. 

40  lbs. 

3764  «' 

1254  " 

3 

Do. 

Gypsum. 

80  lbs. 

3110  " 

1086" 

The  Dressings  were  applied  1st  May,  the  Grass  cut  1st  July,  and  the  Ha 
weighed  19th  July. 

III.  Experiments  made  under  the  immediate  superintendence  of  W.  Flemin 
Esq.,  of  Barochan,  near  Paisley,  and  on  his  own  property.  The  statement 
drawn  up  by  Mr.  Fleming  himself 

1. — Experiments  on  Hay  with  Nitrate  and  Sulphate  of  Soda  and  with  Oypsv 
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Ommderif  tkn  fiM— Not.  l,t»3,  aiid4  w«ragood  ahup  aoQ,  on  rvttm 
rock,  (decayed  tn^,)  all  as  near  aa  poosible  the  same  description  of  land, 
diainedf  and  lying  toeetber.  Noa.  1  and  3,  Crook's  Hich,  stiff  clay,  dnuned; 
the  hay  was  aAer  ^nieaL  Nos.  1,  2,  and  3,  Crook's  Low,  light  day^oain, 
drained ;  the  hay  was  after  baiiey. 

On  Covenlea  the  dressings  were  applied  on  the  33nd  of  April,  and  the  hay  cot 
on  the  Snd  of  July ;  on  the  other  fields  the  nitrate  and  gypsum  were  appliea  on 
the  12th  of  April,  and  the  hay  cut  on  the  9th  of  July. 

N.  B.  The  above  is  the  average  of  trials  in  three  parts  of  the  Covenlea  field: 
a  small  portion  of  moss  was  also  sown  with  nitrate  of  soda,  in  the  low  part  of 
the  same  field,  but  no  benefit  .was  observable,  beyond  the  usual  daric  greeo 
colour  which  appeared  about  ten  days  after  the  application.  The  salphete  of 
soda,  althouffh  evidently  beneficial,  does  not  produce  the  dark  men  colour.  In 
the  Crook's  fields  the  effect  of  nitrate  of  soda  in  producing  the  dark  green  colour 
was  as  rematkable  as  in  the  Covenlea  field.  The  gypsum  on  both  fields  seemi 
to  have  hod  a  good  effeot^  portieularly  on  the  aftermath  clover. 

Rbmark8.-*Io  these  experiments  also  the  sulphate  of  soda  was  used  in  ouly 
half  the  quantity  recommended.  By  referring  to  the  prices  paid  by  Mr.  Fleming, 
it  will  appear  that  the  use  of  sulphate  of  s<Hla  gave  an  increase  of  900  lbs. « 
hay  for  Is.  9d.  (or  500  lbs.  for  4s.  5d.),  while  the  nitrate  of  soda  gave  an  increafle 
of  516  lbs.  for  vs.  lOd. ;  so  that,  thoueh  the  actual  increase  of  hay  per  roodwai 
considerably  less  by  the  use  of  the  sulphate,  yet  that  increaae  was  obtained  at 
litde  more  than  half  the  cost  of  the  same  weight  of  increase  derived  fttxn  the  ni- 
trate. A  similar  remark  appUes  to  the  gypsum,  so  that  these  experiments  give 
ample  encouragement  for  the  application  of  both  these  substanoes  in  somewnat 
large  quantity  to  succeeding  crops,  on  the  same  land. 

SL--ExpenmenU(m  Wvnier  Rye,drts$«dwiANUraUofaoda^IjbMwAF^^ 
Sulphate  of  Soda^  and  MuriaU  of  Ammoma  {Sai  Ammmiac) 


Rate  per 

Weifhtof 

Weight  or 

Btttheli 

No. 

FleUL 

rood 

Onto. 

Bkw 

p«: 

Drewlnf. 

imp«riaL 

per  rood. 

perrood 

IDOd. 

QaidenPlot 

Nothing. 

^ 

160  lbs. 

1094  lbs. 

3i 

Do. 

Nitrate  of  Soda. 

40  lbs. 

336  " 

1664" 

61 

Do. 

Lime  and  Potash. 

40" 

873" 

1344" 

&i 

m. 

Sulphate  of  Soda. 

40" 

894  " 

1158  « 

41 

Do. 

Mur.  of  Ammonia 

5" 

S38" 

1816  " 

41 

Charader  of  the  SM2.— Tilly  clay,  whieh  had  been  trenched,  and  in  potatoes 
the  year  before.    The  Rye  was  sown  on  their  being  lifted  in  October,  1840. 

The  applications  wera  made  on  the  14th  of  April,  the  grain  was  cut  on  the 
9th  of  August,  and  thrashed  on  the  25th. 

N.  B.  As  eariy  as  the  end  of  April  the  effects  of  the  nitrate  of  soda  were  very 
apparent  firom  the  dark  green  colour  produced,  and  broad  leaves,  and  after  it  wai 
npe  the  heads  were  longer  than  any  of  the  others ;  but  it  was  so  strong  that  it 
was  laid  a  month  befora  it  was  cut;  none  of  the  othen  wera  laid.  Every  ap- 
plication seems  to  have  done  ^ood.  by  increasing  the  produce.  The  potssb  and 
lime  was  made  bv  slakine  quick-Ume  and  sond  with  a  solution  of  potash,  and 
allowing  them  to  lie  together  for  a  month.  As  much  was  used  as  contained  1 
lb.  of  cwbonate  of  potash  to  the  pole. 

RsMARKs.---From  these  experiments,  it  appean  that,  besides  the  proportionate 
inereav  of  straw,  that  of  grain  wm 

Pram  nitrate  of  soda,        19  buahels  for  31s.  Od.,  or  Sb.  9d.  per  bush- ; 
"      haae  and  ppta^i,       7       «      for  33s.  6d.,  or  4s.  9d.      " 
"      sulphate  of  soda,      3        «      for   7s.  Od.,  or  Ss.  4d.      « 
sal-ammomac,  5       "      for  10a  Od.,  or  9s.  9d.      «Tp 
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Although,  thenfora,  the  total  increase  bj  tKe  employment  of  BOlphale  of  eoda 
and  muriate  of  ammonia,  in  the  proportions  actually  put  on,  was  not  so  great  aa 
bj  the  use  of  the  other  two  dressmgs,  yet  this  increase  was  obtained  at  a  con- 
siderably less  cost  per  bushel.  The  lime  and  potash,  though  producing  an  im- 
portant effect,  will  probably  not  yield  a  remunerating  return  with  this  crop  on 
this  snl,  while  the  results  hold  out  a  fair  inducement  for  the  trial  of  the  last  two 
dressings  in  larger  and  raried  proportions. 

The  Its  samples  weighed  respectively,— 45  3-6,  51  3-4,  51  4-6,  58  3-6,  and 
48  4-5  lbs.  per  buahel,  so  that,  while  on  all  the  dressed  plots  the  grain  was 
heavier  than  on  the  undressed,  that  which  was  dressed  with  sulphate  of  soda 
was  considerably  the  heaviest 

3.—Expenments  on  Wheat  Jidd,  CrooJ^s  (crop^  1841.) 


No. 


DeacrtpUon 
ofTop^rsMlac. 


Nitrate  of  Soda. 

Potash 

and  Lime. 

Common  Salt 

Mur.  Ammonia. 

Nitrate  of  Soda 

and  Gypsum. 

Nitrate  of  Soda 

and  Rape-dust 

Mur.  Ammonia 

and  lime. 

Common  Salt 

and  Lime. 

Nothing. 


Rate  per 
Scotch  acre. 


height  oflWel 
produce  of 
GnOnof 
Htti  acre. 


160  lbs. 
160  lbs.    ) 

40  bush.  C 
160  lbs. 

90  lbs. 

80  lbs.    ( 
160  bush.  ( 

do  lbs. 
5  cwt 

90  lbs. 

40  bush. 

28  lbs. 

80  bush. 


r 

Oiain 
pr. 


209  lbs. 

210  " 

249  " 
208  " 

214  " 

240  ** 

230" 

900  " 
190" 


behUiil^ 


63  lbs. 


62i" 


63|" 
61  " 


Weight  of  ci^ 
talprodaee. 
cuty  or 
an  acre. 


9^  lbs. 

8,930  " 

12,540  " 
8,360  » 


11,970  " 

9,500  " 

8,740  " 
8,050  " 


Ckarader  of  the  SoiL — The  land  was  a  heavy  loam,  and  of  as  nearly  as  pos- 
nble  the  same  quality.  It  had  been  in  potatoes,  and  the  wheat  was  sown  when 
Ihay  were  liiled  m  October,  1840. 

The  applications  were  all  made  on  the  13th  of  April,  and  the  crop  was  reaped 
onihe  9d  of  September. 

The  produoeof  |th  of  a  Scotch  acre,  thrashed  and  weighed  and  well  cleaned, 
ganre  an  average  of  from  38  to  33,buahels  of  61  Iba.  each  per  Scotch  acre  of  grain. 

Rbmarkb.^TUs  table  presents  us  with  two  lemaikable  results,— that  ob* 
tained  by  the  use  of  common  salt,  and  that  ftom  a  mixture  of  soda  and  rape- 
dust    Thus,  exclusive  of  the  straw, — 

Nitrate  of  soda  alone  gave  152  lbs.  of  wheat  for  31s.,  or  19s.  9d.  per  buahel : 

Nitrate  with  rape-dust  gave  400  lbs.  of  wheat  for  43s.  6d.,  or  6a.  9d.  per  bushel ; 

Common  salt  gave  473  lbs.  of  wheat  for  3s.  6d.,  or  6d.  per  bushel. 

The  increased  produce,  by  the  use  of  common  salt,  is  by  ihr  the  most  valua* 
ble  result  to  Mr.  Fleming  in  an  economical  point  of  view,  and  plainly  indicates 
the  kind  of  application  he  can  most  profitably  make — ^to  his  wheat  crops  at  least- 
en  land  similar  to  the  above,  and  in  die  district  where  he  resides. 

Neither  the  nitrate  of  soda  nor  the  mixture  of  this  salt  with  mpe-dust,  gave 
tnoh  an  increase  as  to  repay  their  own  cost,  unless  when  com  is  very  high.  It 
is  intorestiag,  however,  to  observe  that  the  mixture  with  rape-dust  gave  so  laree 
an  ineiease,  though  the  value  of  this  particular  experiment  is  lessened  by  the  aiS- 
•eoee  of  any  trial  with  mpe-dust  alone,  by  which  the  effect  of  each  of  the  inm- 
iKents  ought  to  be  judged  of.  1  have  reckoned  the  rape-dust  at  j67  a  ton,  so  that 
5  ewt  would  cost  98b.,  and  we  know  that  a  top^resatng  of  this  substance  alone, 
in  a  aonewhat  larger  quantity,  givea  a  lemunerating  return  in  many  of  our  wheat 
• 
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Bfr.  Oothwaife.  of  BaneMe,  in  the  North  Riding  of  YoriBdum,  a  ddlfal  and 
enterprisini;  practical  farmer,  who  has  for  some  years  been  using  rape-dost  over 
a  rreat  biaedth  of  his  wheat  cropi  has  fiiToured  me  with  the  result  of  one  of  his 


more  accurate  trials  on  spring  wb«at,  made  during  the  past  saMon.  The  wheat 
was  sown  after  turnips  taken  off  in  April,  and  pan  of  the  field  was  dressed  with 
rape-dust  at  the  rate  of  &|  cwt  (or  at  jS?  a  ton,  of  40s.)  per  acre.  The  prodnoe 
of  the  dusted  portion  was  39  bushels,  and  of  the  undusted  29  bushds  per  acre, 
and  the  increase  of  straw  was  one-fifth  of  the  whole.  Both  samples  were  of 
equal  weight,  and  sold  at  the  same  price,— ^.  3d.  per  bushel.  In  this  enpen- 
ment  the  increased  10  bushels  cost  40s.,  or  4s.  per  bushel,  giving,  on  a  laigB 
breadth  of  land,  a  handsome  remuneration. 

These  results  wBl,  I  trust,  encourage  others  to  make  trials  similar  to  those  of 
Mr.  Fleming  and  Mr.  Outhwaite;  while  these  gendemen  will,  doubtless,  be  in- 
duced each  to  try  that  application  which  has  succeeded  so  well  in  the  otheHs 
hands.  It  migm  be  usdul  as  well  as  interesting  to  compare  the  produce  of  fimr 
plots  arranged  and  dressed  as  follows : — 


Common  Salt 

Rape- dust 

Common  Salt 
and  Rape-dost 

Nothing. 

A.—ExperimenU  on  Early  Potatoes,  1841. 
All  were  dunged  in  the  usual  manner  with  fiurm-yard  manure,  at  the  rate  of 
about  30  cubic  yards  per  acre.    The  potatoes  were  all  planted  on  the  9&th  of 
March,  on  the  same  ieavy  black  soil.    The  seTcral  dressings  were  applied  on 
the  90th  of  May,  and  the  potatoes  were  all  lifted  on  the  28th  of  September. 


Top-drsMioff. 


Nothing. 
^  Nitrate  of  Soda. 


3  Sulphate  of  Soda.  200 
'Do.&:Nitr.ofSoda^ 


per  imp. 


160  lbs. 


ProdQce 

per  imp. 

acre. 


66  bolls 
80    " 
73    " 
107    " 


W«lfftttof 
Prodaoe  of 
ISytfdidiiU. 


77  lbs. 
93  •« 
86  " 
194  '< 


iVtfte.— The 
peck  is  35  lbs. 
weight,  and  16 
make  a  boU 
or  5  cwt 


This  breal^  of  ground  consists  of  a  piece  of  poor  clay  mixed  with  moss,  aboot 
9  ihches  deep  *^  subsoil  a  Tery  stiff  blue  tilL  The  dung  was  old  from  the  fivin-yar^ 
about  the  ordmary  quantity  (30  cubic  yards  per  acre)  spread  upon  the  land,  and 
dug  in.    The  potatoes  were  drilled  in  with  the  hoe ;  as  the  ground  was  wet  the 

Slants  came  up  but  weak.  The  nitrate  of  soda  was  sown  before  the  other  top- 
ressings,  and  had  remarkably  quick  efiect,  as  it  showed  the  third  night  after 
beine  sown.  The  sulphate  of  soda  does  not  occasion  the  daric  green  colour 
which  is  seen  upon  the  potatoes  after  the  dressing  of  the  nitrate,  but  there  is  not 
the  smallest  doubt  of  its  beneficial  effects,  although  not  in  so  great  a  degree  as 
the  nitrate.  The  mixture,  which  is  composed  of  |ds  of  sulphate  of  soda  and  ^d 
of  nitrate,  has  a  wonderftil  effect  in  strengthening  the  growth  (which  it  keeps 
longer  than  with  nitrate  alone),  and  the  mixture  has  the  same  effect  in  producing 
the  daric  green  colour  as  the  nitrate  alone. 

Remarks. — That  a  mvtture  of  substances  is  likely  to  be  more  efficacious  as  a 
dressing,  than  the  application  of  one  substance  alone,  except  in  peculiar  circum- 
stances, is  consistent  not  only  with  long  practical  experience— for  how  many 
substances  are  mixed  together  in  fimn-ytord  manure  Y^but  also  with  the  theore> 
tical  principles  laid  down  in  the  text  [See  Lectures  IX.  and  X. ]  These  enert- 
ments  upon  potatoes  show  that  this  crop  upon  Mr.  Fleming's  land  was  benefitted 
bv  both  nitrate  and  sulphate  of  soda,  but  in  a  vasdy  greater  degree  by  a  mixture 
or  the  two.  And  I  might  consider  my  suggestion  In  regaid  to  the  employment 
of  sulphate  of  soda  as  a  manure,  to  have  been  of  no  mean  use  in  practteal  agrl- 
eulrare,  had  it  led  to  nothing  else  than  to  this  happy  mixture  of  Mr.  Fleming. 
1  have  received  also  finm'Mr.  Fleming's  gardener CMr^l^c^md^f^udiMr) 
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tt  Tery  wdl  digested  and  well  drawn  up  paper,  detailing  numenras  ezperimenta 
made  by  himself  during  the  past  summer.  Among  these  is  one  upon  the  use  of 
this  same  mixture  upon  thepotatoe  crop,  which  I  shall  quote  in  his  own  woids : 

"April  96th. — ^Planted  potatoes  of  the  red  Doi^Taiiety,  soil  a  mellow  loam, 
two  feet  deep,  subsoil  yellow  till.  .Farm-yard  dung  was  trenched  in  some  days 
before  planting,  at  the  rate  of  40  cubic  yards  per  acre ;  sets  drilled  in  with  the 
'  hoe.  Plants  came  up  very  regular,  ana  were  top-dressed  with  a  mixture  of  f 
sulphate  and  i  nitrate  of  soda  on  June  2nd,  at  the  rate  of  3  cwt.  per  acie.  They 
grew  fery  strong  after  this  application.  Stems  six  or  seven  fed  in  lengthy  dark 
ereen,  and  the  produce,  when  lifted  in  October,  was  16  Renfirewshire  pecks  of  35 
n>B.  each  per  ^otch'ftll  of  potatoes  fit  for  market" 

This  produce  is  equal,  1  beUere,  to  about  S6  tons  per  Scotch,  or  81  tons  per 
imperial  acre,  about  equal  to  that  of  Mr.  Fleming  with  the  same  mixture.  And 
what  an  amaxing  luxuriance  of  Tegetation,  to  yi^d  at  once  stems  seven  feet  in 
length  and  upwards- of  90  tons  of  tubers  per  acre  1 

Those  who  are  the  most  sceptical  in  regard  to  the  benefits  to  be  derired  from 
agricultural  experiments,  when  well  conducted,  will  scarcely  question  the  impor- 
tance of  this  nuBult— the  most  backward  in  making  experiments  will  be  anxious 
to  repeat  this  upon  his  ovtn  potatoes.  The  cost  of  the  mixture  to  be  applied  in 
the  quantity  used  by  Mr.  Fleming  is  as  follows : — 

Nitrate  of  Soda  .  .    751bs.at9Ss. 14     9 

SI     6 

The  return  for  this  21s.  6d.  was  in  each  of  the  above  cases  upwards  of  8  tons 
of  potatoes. 

I  may  here  mention  also  two  other  interesting  experiments  of  Mr.  Gardiner, 
in  whicn  he  tried  the  eifect  of  sal-ammoniac  upon  his  potatoe  crop, — 

1®.  In  the  one  he  mixed  sal-ammoniac,  previously  dissolved  in  water,  in  the 
proportion  of  1  lb.  to  each  cubic  yard  of  a  compost  formed  from  the  refiise  of  the 
sArdea,  and  planted  early  potatoes  with  it  at  the  rate  of  35  cubic  yards  per  acre. 
llie  produce  was  one-sixth  more  than  when  no  ammonia  was  used.  The  vsr 
liety  of  potatoe  was  Taylor's  forty-lbld,  the  soil  moss  and  clay.  The  cost  of 
this  application  was  19s.  per  acre. 

2<^.  Sal-ammoniac,  dissolved  in  water,  was  sprinkled  on  moss  or  peat  earth, 
at  the  rate  of  20  lbs.  to  a  ton  of  earth,  and,  after  strewing  a  little  lime  at  the  bot- 
tom of  the  drills,  this  mixture  was  put  in  at  the  rate  of  3  tons  per  acre.  The  po- 
tatoes were  14  days  later  in  coming  through  the  ground  than  the  same  variety 
planted  with  farm-}rard  manure.  They  were  strong  in  the  stem,  of  a  dark  green 
colour,  and  equal,  in  point  of  produce,  to  the  others.  The  variety  of  potatoe 
was  the  Irish  apple,  the  soil  a  very  light  brown  loam,  of  that  description  locally 
named  deal 

I  may  observe  on  this  latter  en>eriment,  that  the  application  is  not  so  simple 
as  it  appears.  The  lime  would  decompose  the  sal-aimnoniac,  and  form  ehlonde 
of  caldumf  while  ammonia  would  be  liberated.  The  effect,  therefore,  may  be 
partially  due  to  both.  I(  ivill  be  recollected  that  in  a  previous  part  of  this  Ap- 
f>endix  I  su^ested  the  trial  of  this  chloride  of  calcium  as  a  top-dressing  for  va- 
rious crops. 

fi. — ExpermeiUs  on  Mass  OatSy  sown  abend  \si  Ma/y^  1841,  top^essed  25^  June. 
"  These  top-dressings  were  applied  on  the  5th  of  June,  and  by  the  24th  there 
was  a  striking  improvement,  especially  on  No.  2  and  No.  7.  It  was  ouite  visi- 
ble in  greater  strength  and  evenness  of  crop.  One  or  two  of  the  others  also 
showed  improvement,  but  not  so  visibly  as  to  merit  particular  notice.  I  exam- 
ined them  from  time  to  time,  and  at  different  dates:  the  appearanees  much  the 
•MBS  as  notieed  upon  Jane  94th.    1  again  examined  them  a  ftw  days  before 
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fEtay  wflra  cut,  vfaen  I  was  mueh  sadtfied  with  No.2:  the  etmwappeandto  me 
M  Stiff  and  shimitf,  and  the  ear  as  well  filled,  as  if  it  had  been  grown  upon  s^ 
loam,  and  1  eonsiier  tke  ume  dreame^  applied  to  grain  crap$  uptm  ma»,  will  m* 
sure  a  food  enm  of  weHJiUed  oats.  No.  7  was  nemy  as  good,  but  the  want  of  the 
bones  being  dissolTed  was  a  drawback.  However,  I  consider  the  two  merit 
the  expense  of  another  trial." 


No. 


Top-drenint  per  pole  (1mperiil> 


Nothine. 

Bones  aissolred  in  sulphmie  acid  and  nitrate  of  soda  f  lb. 

Sulphate  of  soda  ft  lb.,  bone  dust  ft  peck. 

Potash  1  lb.,  lime  and  bone  dost  ft  peck. 

Chloride  of  calcium  1  lb.,  bones  ft  peck. 

Lime,  potash,  and  chloride  of  calcium,  ft  lb.  each. ' 

Potash  and  lime,,  nitrate,  and  bones,  ft  lb.  each.     


Ckarader  of  tke  SoU—TAow  4  feet  to  clay.    No.  8  the  best  crop  and  heaTiest 

Eun  (not  thrashed).    Nos.  3,  4,  and  5  not  so  good  as  No.  S^  but  all  much 
tter  than  Nos.  1  or  6.    No.  6  the  worsfr— not  better  than  No.  1.    No.  7  TCfy 
good— next  to  No.  S. 

Rbmaxes. — ^Thesa  experimentt  of  Mr.  Fleming  on  moss  oats  may  be  con- 
sidered as  affording  another  illustmtioa  of  the  beiMfits  which  are  yet  to  accrue 
to  practical  agriculture  from  the  suggestions  of  natural  science.  It  is  well  known 
to  those  who  have  directed  their  attention  to  the  reclaiming  of  peat  lands,  that 
the  crops  of  oals  raised  on  such  land  yield  abundance  of  straw,  but  that  the  ear 
is  small  and  badly  filled.  It  is  also  well  known  that  datfing  such  lands  is  an  al- 
most unfailing  remedy  for  this  defect  in  the  ear,  as  well  as  for  the  less  important 
one  which  is  also  obserred  in  the  straw.  My  friend,  Mr.  Alexander,  or  Soath 
Bar,  a  neighbour  of  Mr.  Fleming,  and,  like  htm,  extensiTely  engaged  in  the  im- 
provement of  peat  lands,  finding,  as  most  otfier  persons  have^  that  in  some  lo- 
calities the  claving  of  his  land  was  very  expensive,*  conceived  the  idea  that 
some  chemical  application  might  be  made  to  this  soil,  which  would  suf^ily 
what  the  defective  oat  plants  required,  and  thus  supersede  the  necessity  of 
daiifing.  He  was  pleased  to  communicate  this  opinion  to  me— stating  the  de- 
fect in  the  crop,  and  asking  a  chemical  remedy.  Looking  chiefly  to  what  waa 
evidently  required  by  the  ear,  1  suggested  a  tnal  of  various  mixtures,  in  all  of 
which, — ^from  an  idea  that  phosphates^  among  other  substances,  might  be  n^ 
oessary  to  eompleU  the  ear,— boncMiuBt  Knrmed  a  necessary  part. .  The  result  of 
these  sug;ge8tions  is  seen  in  the  above  experimeoU  of  Mr.  Fleming.  They  have 
been  varied  and  improved  upon,  as  Mr.  Fleming's  united  chemical  knowledge 
and  practical  skill  enabled  him  to  do,  and  as  first  results  on  a  new  field  of  i^ 
search,  Nos.  2  and  7  mav  be  considered  as  highly  encouraging,  if  not,  indeed, 
eminently  successful.  Too  much  confidence,  however,  must  not  be  placed  en 
the  effecu  observed  in  one  or  two  instances ;  yet  I  hope  those  above  stated  are 
such  as  will  induce  others  to  repeat  the  experiments  with  equal  care,  in  order 
that  another  year,  affording  us  more  numerous  rssults,  may  enable  us  to  base 
our  conclusions  upon  a  larger  experience. 

6. — ExperinufUs  upon,  Oals  top-dressed  toUh  Sidpkaie  and  Nitrate  of  Soda  (lower 
end  of  Bam  Park.) 
**  The  first  was  sown  on  the  11th  May,  viz.,  3  ridges  with  sulphate  of  soda, 
at  the  rate  of  1ft  cwt  per  acre.    This  was  examined  finom  timeto  time,  botthere 

*  Mr.  Osrden.  of  61ena«  Hoase,  near  Dumfries,  a  genUemao  to  whom,lhonch  pervonaUv 
unknown,  I  am  indebted  for  many  Taluabla  coromunlcationa,  Informs  me  that,ln  Impniiriiif 
III  -n'?™'*'**i*2?^.**"  ^^  '°^"**  *'  necessary  to  lay  on  a  eoadnf  of  clay  six  inches  thfc7, 
at  ao  axpensa  of  jCIS  an  acre.  A  coating  of  two  or  three  inches  on  Ikair  oeaL  ha  aars.  ainka 
'*?J!SJt?*' .*?  '.*•*  y^r*  <»••«•»*«•  bejond  tha  reach  of  S?  iStoirsiSlS^Tfi Smm 
•conomi.1  to  lay  on  at  onca  an  enrire  anil  of  abc  inobss.         ?!^7oy™  Z^  ^T  "^ 
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■ppeared  to  be  little,  if  any,  diArenee  from  the  general  crop  (it  boa  nolyat  been 
ihradied.)  Next,  3  ridges  were  sown  with  nilKte  of  soda,  at  the  rate  of  80  lbs. 
per  acre.  This  made  a  little  alteration  both  in  colour  and  strength,  bat  it  waa 
too  little  to  make  a  yery  decided  difference.  Also,  alongside  of  the  last-men- 
don^  a  piece  was  dressed  with  a  mixture  of  suiphate  and  nitrate  of  soda,  in  the 
pr<nx>Ttion  of  frds  of  the  former  to  ird  of  the  latter.  This  immediately  took  the 
lead  of  the  others  both  in  colour  and  strength,  so  much  so,  that  by  May  37th  it 
could  be  seen  from  a  distance.  Many  examinations  were  maae  of  them  all 
daring  the  season,  and  this  always  appeared  the  best  A  few  days  befoieit  was 
cut,  it  showed  the  laigest  and  best  filled  ear.  There  was  a  ]nece  of  yellow-col- 
oorad  earth  at  the  bottom  of  the  field,  showing  the  presence  of  iron,  upon  which 
waa  Bown  potash  and  lime.    The  plant  was  yellow  and  sickly-looking,  but  im- 


after  they  were  sown,  and  the  crop  waa  too  &r  forward  before  they  began  to  take 
effect  to  say  any  thing  decided  about  them.  By  mistake  there  were  two  Tarie- 
ties  of  oats  sown  upon  the  field,  which  prevented  the  experiments  being  so  de- 
cided, as  the  dressinga  were  put  on  indiscriminately  upon  the  landbefiiieit  waa 
known." 

REiiAnKa.->-The  only  remaric  I  need  make  upon  theae  experiments  is,  to  sug- 
gest to  my  readers  that,  by  repeating  the  abore  trials  upon  oata  with  Mr.  Flem- 
mg's  mixtures,  they  may  not  only  benefit  their  own  crops,  bot  may  also  aid 
materially  in  the  aavancement  of  practical  agricnltnnl  knowledge. 

7. — On  the  efecto/SulpkaUofSifda  appUed  at  a  top-dressing  to  Beans  andPeas. 

"  The  first  dressing  was  applied  the  4th  of  JVf  ay ,  on  some  beans  on  a  border 
in  the  garden ;  the  drills  that  were  dressed  quickly  took  the  lead  of  the  others. 
There  was  no  alteration  of  eolour,  but  greater  8tren£;th,  and  it  tiUered  vwnder- 
fitOf.  There  were  t[Vt  or  six  stems  fircmn  eyerv  seed  sown,  and  the  pods  were 
larger  and  more  numerous,  and  the  beans  in  tne  pods  a  great  deal  larger  than 
the  same  Tarietv  undressed.  It  was  also  put  upon  some  of  the  ridges  of  the 
beans  in  the  field,  and  with  the  same  effect,  and  gaye  a  refy  large  crop  (not  yet 
thrashed.) 

"  Upon  peas  in  the  garden  it  appeared  to  add  little,  if  any  thine,  to  the  strength 
of  atxaw,  but  those  that  were  dressed  had  a  fer  greater  number  of  pods,  and  those 
better  filled,  and  the  peas  of  a  better  flavour,  and  U  seems  a  vainuhU  dressing  for 
dU  lespuminous  crops.  Whoi  sown  in  the  drills  along  with  the  peas,  it  nearly 
killea  every  one  of  them,  while  the  same  quantity,  put  on  as  a  top-dressing  to 
some  drilla  next  to  them  (where  the  peas  were  two  inches  high,)  did  no  injury. 

Rkmarks. — The  testimony  of  Mr.  Fleming  to  the  value  of  sulphate  of  soda 
as  a  dressing  for  leguminous  crops,  is  very  valuable  and  satisfactory.  We  may 
hope  that  next  year  will  furnish  us  with  experiments,  all  the  results  of  which 
riiall  have  been  so  careftilly  ascertained,  as  to  enable  us  to  decide  upon  the  eco- 
nomical value  of  this  sulphate  as  a  manure,  by  a  comparison  of  the  amount  of 
increase  in  the  crop,  with  the  cost  of  the  application. 

8. — On  NUraie  of  Soda  as  a  top-dressing  to  Oooseberrf  and  Cwrani  bushes, 
"  It  was  applied  April  14th,  at  about  the  rate  of  |  cwt  per  acre,  or  \  lb.  per 
bnsh.  It  had  the  effect,  in  the  course  of  a  week,  of  producing  on  the  bushes  a 
dark  green  colour  and  broader  leaves,  and  the  fruit  set  better  and  more  plentiful- 
ly, especiidly  on  some  red  currants  that  had  borne  little  for  two  years.  These 
set  their  firuit  well,  and  yielded  double  their  former  produce.  The  dressed  bushes 
kept  the  lead  in  strength  and  vigour  all  the  season,  and  now,  when  the  undressed 
boshes. have  lost  their  leaves,  the  others  are  quite  green." 

9. — "  Many  experiments  were  tried  in  the  carden  on  turnips,  by  top-dresaine 
with  Bitfata  of  soda,  bat  with  no  pareeplibleeffeet.  ^P|>weyer^S;fediih,and 


ted-top  7«0oir,  in  a  field  of  nthftr  stiff  wmI,  weie  beodUtod,  the  fonaer  yieUuig 
i  more  produce  in  weight,  end  the  latter  |  more  weight  Wm.  Fleioko. 

*'B^rockan,  96a  Oc(efar,  1841." 

Able— The  prices  pskl  bj  Mr.  flemlag  wen  m  foflow  .*— Boee  dmt  Cfine)  la.  9d.  per  bmlMl ; 
Mlphata  of  ■■iaiool&  (In  erj9iMi»y2St.  par  ewt ;  potash  (very  Impure)  Ma.  per  ewt ;  sulpbate 
ofsodaqectystal»)8a.pegcwt;  nUiteefsodaMi^;  and  ssl-smmnnisft  gPe.  per  ewt-    . 


No.  IV. 
•vofinmoHs  foe  ooxfakatitb  bxpxbimxhts  with  ovazto 

▲RD   OTHBR   KAZrUBSS. 

0iuMe  ie  the  name  ciTen  in  South  America  to  the  dang  of  the  sea  tbwl  which 
hoYer  in  countless  flocks  along  the  shores  of  the  Pacific,  and  which,  from  time 
immemocial,  ha^e  deposited  their  droppings  on  the  rocks  and  the  islands  which 
are  met  with  alone  the  coast  o»  Pent. 

Beeides  the  fresh  white  guano  which  b  deposited  3rear  by  rear  in  these  locali- 
ties, there  exist,  in  some  spots,  large  accumulations  more  or  i^s  buried  beneath 
a  covering  of  drifted  sand,  which  EaTe  been  thus  buried  and  partially  pceserted 
from  an  unknown  antiquity.  This  ancient  guano  is  of  a  brown  colour,  more  or 
less  dark,  and  forms  layers  or  heaps  of  limited  extent,  but  which  are  sudsome- 
times  to  exceed  even  60  feet  in  thicknesa 

In  the  time  of  the  Incas  this  substance  was  known  and  highly  valued  as  a  ma- 
nured—the country  along  the  coast  for  a  length  of  900  leagues  was  entirely  ma- 
nured by  it, — the  islands  on  which  it  was  formed  were  carefully  watched  and 
preserved, — and  it  was  declared  to  be  a  capital  ofience  tokill  any  of  the  sea  fowl 
DY  which  it  was  depsaited.  Ever  since  that  time  it  has  been  more  or  less  em- 
ployed for  the  same  purpose,  and  much  of  the  culture  now  practised  cm  this 
thinly-peopled  coast  is  entirely  dependent  for  its  suocess,  if  not  for  iu  existence, 
on  the  stores  of  manure  which  the  sea  fowl  thus  place  within  reach  of  those  parts 
of  the  country  which  are  susceptible  of  cultivation. 

In  modem  times,  however,  the  access  of  foreign  ahippinff,  and  the  want  of 
careful  protection,  have  driven  away  many  of  the  sea  fowl,  and  lessened  to  a  very 
great  degree  the  production  of  the  recent  guano.  Thus  the  country  is  more  de- 
pendent than  in  former  times  on  the  more  ancient  deposits,  which  are  now  assi- 
duously sought  for,  and  when  discovered  beneath  the  sand,  are  carefully  excsr 
vated  and  transported  to  the  sea-ports  for  sale. 

The  dun^  of  oirds  of  all  kinds,  when  exposed  to  the  air,  gradually  undergoes 
decomposition,  gives  off  ammonia,  and  acquires  a  brown  colour.  As  this  am- 
monia is  one  of  the  most  fertilizing  substances  it  contains,  it  will  be  readily  un- 
derstood that  the  old  brown  guano  is  much  less  valuable  as  a  manure  than  that 
which  is  recent  and  white ;  hence  the  care  of  the  ancient  Peruvians  in  ooDect- 
ing^lhe  fresh,  and  their  comparative  neglect  of  the  ancient  ^ano. 

when  the  brown  guano  is  put  into  water,  a  large  quanuty  of  it— sometimes 
70  per  cent  of  the  whole — ^is  dissolved.  Hence,  it  is,  because  the  climate  of 
Peru  is  so  dry  and  arid  that  in  the  plains  rain  scarcely  ever  falls,  that  the  guano 
can  accuipulate  as  it  is  found  to  do.  North  and  south  of  this  line  of  coast, 
where  rains  are  less  unfreauent,  such  accumulations  are  not  met  with,  though 
the  birds  appear  equally  plentiful,  and  it  may  be  safely  stated  that,  had  the  cli- 
mate of  Peru  been  like  that  of  England,  the  rains  would  have  washed  the  guano 
from  the  rocks  almost  as  mpidly  as  it  was  deposited. 

Of  the  brown  guano  several  cargoes  havs  iHly  bean  bpoogfat  to  England  bv 


■n  ewteqiiMingttggdaot  iB  UhmpotA,,  and  it  has  bttt  diwii'Kufly  fwaawBend- 
ed  to  th«r  flaentioa  of  Brititb  agticultariito.  It  hMM  alreaif  betti  tfied  upon  va- 
rioos  crops,  both  of  hay  and  corn,  upon  turnips  also,  and  upon  hops,  and  tfaerd 
flui  be  no  doubt  vliatsftv  that  in  oar  cUmaifc,  as  Wl  as  in  that  of  Fern,  it  is 
fttlsd  to  momoto  tcgetation  to  a  TWf  nmaskabki  deme^ 

This  uow»  ffuano  yaries  much  in  qualitf  ,  ikoaomaig  pnbthlf  to  thd  degrM 
of  exposure  to  &  air  to  which  it  has  been  BUllje<Sted,  or  to  its  position  in  the  de« 
posil  from  which  it  has  been  dog.    Two  differint  portions,  tdren  «t  rmdom 
from  the  same  box,  gave  me  the  fiiUowhig  tery  diffftfent  results  >^ 
V. — ^Water,  salts  of  ammonisi  and  organic  matter,  expelled 

by  a  rod  heat, fl3*5p€hrct 

Sulphate  of  soda,      .       « 1*8     ** 

Common  salt,  with  a  little  phosphate  of  soda,  .  80-3     ^ 

Phosphate  of  Kme,  with  a  Iittie  phosphate  of  magnesia 

and  carbonate  of  lime,       .        .        .       .        «       44*4     « 

iooT 

d^.r— Ammonia, 3±  7*0  ^ 

Uncacidf =■  0-8    lfig.3tjercL 

Water,  carbonic  and  oxalic  acids,  Ac*,  expelled  ?"w^«  P»  «• 

by  a  red  heat, «i51'5   j 

Common  salt,  with  a  litde  sulphate  &  phosphate  of  soda,  11-4    " 
Phosphate  of  lime,  Ace 29-3    " 

loo" 

Aeeor£ng  to  M.  Winterfeldt,  this  brown  j^no  is  sold  at  the  ports  near 
which  it  is  obtained  at  about  38.  a  cwt  It  might,  therefore,  If  this  be  correct^ 
be  imported  into  the  country,  and  sold  at  less  Uum  lOs.  per  cwt.  The  price  at 
present  asked,  however,  is  258.  per  cwt.,  a  cost  at  whicn  it  is  doubtful  if  tho 
English  agriculturist  can  aflTord  to  use  it. 

In  any  case  it  seems  improbabte  that  the  guano  can  Continue  to  be  imported 
into  this  country  for  any  length  of  time.  It  is  absolutely  necessary  to  the  cul- 
tivation of  the  land  in  Pern,— and  it  is  also  diminishing  in  quantity, — the  first 
settled  government,  therefore,  which  is  formed  in  that  country,  must  prohibit 
the  further  exportation  of  a  substance  so  important  to  the  national  interests.  It 
is  a  matter  not  unworthy  of  the  attention  of  chemists,  therefore,  to  consider 
whether  a  mixture  similar  to  the  guano,  and  of  equal  efficacy,  cannot  be  fonn« 
ed  by  art^not  oiily  at  a  cost  so  reasonable  as  at  once  to  make  the  British 
fermer  independent  of  the  importer, — ^but  also  in  such  abundance  as  at  the  same 
time  to  place  so  valuable  a  manure  within  the  reach  of  all. 

The  tollowing  mixture  contains  the  several  ingredients  found  in  guano  In 
neariy  the  average  proportions ;  and  I  believe  it  is  likely  to  be  at  least  as  effica- 
eioos  as  the  natural  guano,  for  all  the  crops  to  which  the  latter  has  hitherto  been 
applied  in  this  counUy  :— 

£.    s.    d. 

315  lbs.  [7  bushels]  ofbone  dust  at  2s.  9d.  per  bushel  Q    19    0 

100  lbs.  of  sulphate  of  ammoniayt  omrtaining  36  Ibc  of  afflflW' 

triaataOSifrcwt     «<«....       0    18    0 
5  lbs.  of  peari-ash      ........        0      1    0 

100  lbs.  of  common  salt 0     2    0 

11  lbs.  of  dry  sulphate  of  soda 0      10 

531  lbs.  oforfi^'oZ^iuHMsost     ••....       2      1    0 

*  The  first  eonteined  also  8  per  cent  and  the  second  1|  per  cent  of  ssnd,  which  has  been 
left  oot  of  the  tree  eomporitioo  of  the  gnaoo  considered  ss  free  ftom  sand. 

t  Bolphate  of  ammonia  is  now  msnnJartfnred  laifely  at  Oiasiow,  aad  aosy  be  had  jbr  less 
tlMiiSOs.  a  cwt 


W  OK  txnmumm  win  guano.  [AppenMr^ 

The  ootiititf  han  iadiealed  may  be  intimalaily  mized  with  100  lbs.  of  chalk, 
and  n^be  ftilly  equal  ia  efficacy,  I  belieTe,  to  4  cwt  of  guano,  now  aeUin^f 
at  j65. 

At  the  same  time  it  U  deaiiable  that  the  relattte  effieaey  both  of  this  mixtnm 
(artificial  guano),  and  of  the  Amerioan  guano,  should  be  tned  by  actual  experir 
uent  in  comparison  with  other  substances  of  known  value,  and  which  are 
supposed  to  act  in  a  way  somewhat  similar.  The  substances  with  which  I 
would  suggest  that  such  comparatiTe  experiments  should,  in  the  lint  place,  be 
made,  are  &im-Taid  manure,  bone  dust,  and  rape  dust,  and  the  toilowin|^ 
seheme  exhibits  the  proportions  in  which  they  may  be  added  to  the  diffvsnt 
plots  of  land  on  which  the  experiments  axe  intended  to  be  made  : — 


90  tons  of 

20  bushels  of 

bones 
wttbsshes. 

6  cwt  of  cqsoo, 

mized  with 
ehslkorgypfliun. 

Sewtof 

10  tons  do. 
frilhlObiMbelior 

iKNMdiMt 

20ewtof 
npe  wUh  sshes. 

lOtonsoffem. 

yrd  msDore  with 

3  ewL  of  CQsao. 

10  lonsof  ftm-yard 
manure  wtth  3  cwt 
ofsftMeUgiMMk. 

10  tons  do. 

wtth  iO  OWL  df 

iMiediuL 

lOewtof 

lapewUbSewt 

ofgosno. 

10  tons  do.  with 
2owt.ofgiMao. 

10  tons  do.  wtth  8 
ewt  of  srtlficial 

CDMML 

The  practical  fiurmer  need  not  be  deterred  by  the  formidable  array  of  experi- 
ments abore  sugj^sted.  He  may  try  any  two  or  three  of  them,  and  his  results 
will  be  yaluable  in  proportion  to  the  accuracy  with  which  his  land  is  measured 
and  his  manures  and  crops  weighed.  I  have  taken  20  tons  of  farm-yard  manure 
as  a  standard,  though  in  many  highly  fiumed  parts  of  the  country  no  more  than 
15  tons  are  usually  applied.  Twenty  bushels  of  bones  are  recommended  by  the 
Doncaster  report,  and  I  have  lately  found  that  in  the  Lothians  1  cwL  of  rape 
dust  is  considered  to  replace  1  ton  of  farm-yard  manure.  This  proportion  of 
course  will  vary  with  uie  quality  of  the  latter  manure ;  but  whatever  (quantity 
of  this  latter  We  take  as  the  standard  of  comparison,  it  is  easy  to  adiust  the 
proportions  of  the  other  substances  accordingly.  I  have  not  recommended  any 
trial  to  be  made  with  more  than  6  cwt.  of  guano,  because,  where  farm-yard 
manure  is  valued  only  at  6s.  or  7s.  per  ton,  5  cwt  of  the  former  would  cost  as 
much  as  90  tons  of  the  latter.* 

The  above  experiments  are  intended  to  be  made  with  the  green  crop,  and  to 
be  continued  during  an  entire  rotation  :t  any  pair  o£  them,  nowever,  may  be 
tried  on  single  crops,  whether  of  com  or  of  turnips  and  potatoes.  In  this  way 
guano  ought  also  to  be  tried  against  nitrate  of  soda  and  against  bones,  upon 
seeds  and  upon  old  grass-lands.  The  mode  in  which  such  experiments  may 
be  made  yinlX  speeaily  suggest  themselves  to  the  intelligent  farmer.  /»  aU 
easa  the  results  should  he  accwratelif  recorded ,  andy  if  possibUf  pubHsked. 

"WbsaUilspsrMnphwss  writt«B,ths  price  of  guano  was  S6s.  s  ewt ;  It  isnowOlaj, 

f  By  this  I  laeauthat  ttie  eflbet  «f  ttMsa  ssvenl  msBons,  sypUed  enet/w*  00  to  the  green 
crop  St  die  eommencement  of  the roCadoo,  should  be  tmeedoneseh  snceesshs  crop  thnwh 
llMsnIIrt  ooaras  of  eropphif.  ^ 
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OF  THB  BZAXINATIOlf  AND  ANAITSU  OF  8OIL0. 

to.  Sdeetion  of  sptsimens  of  sails. — ^la  the  same  field  different  Tarieties  of  soil 
often  occur,  and  some  recommend  that  in  collecting;  a  specimen  for  analysis, 
portions  should  be  taken  from  different  parts  of  the  field  and  mixed  together, 
07  which  an  average  quality  of  soil  would  be  obtained.  But  this  is  bad  adWce, 
when  the  soils  in  different  parts  of  the  field  are  really  unlike.  Suppose  one 
part  of  a  field  to  be  clay,  and  another  sandy,  as  is  often  the  case  in  this  county, 
and  that  an  avera^  mixture  of  them  is  submitted  to  analysis,  the  result  you 
get  will  apply  neither  to  the  one  part  of  the  field  nor  to  Uie  other— that  is,  it 
will  be  of  Uttle  or  no  value.  In  selecting  a  specimen  of  soil,  therefore,  one  or 
two  pounds  should  be  taken  from  each  of  four  or  five  parts  of  the  field  where 
the  soil  appears  nearly  alike,  these  should  be  well-mixed  together  and  dried  in 
the  open  air  or  before  the  fire.  Two  separate  pounds  should  then  be  taken 
team  the  whole  for  the  purpose  of  analysis,  or  if  it  is  to  be  sent  to  a  dfstanca 
should  be  tied  up  in  clean  strong  paper,  or  what  is  much  better,  should  be  en< 
dosed  in  dean  well-corked  bottles. 

I. — OF  THE   PHYSICAL   PROPERTIES  OF  THE  SOIL. 

2^,  DeUrminaUon  of  the  densUy  of  the  soil — In  order  to  determine  the  den* 
siiy  of  the  soil,  a  portion  of  it  must  be  dried  at  the  temperature  of  boiling 
'  water  (2l2o),  till  it  ceases  to  lose  weight,  or  upon  a  piece  of  white  paper  in  an 
oven  at  a  heat  not  great  enough  to  render  the  paper  orown.  A  common  phial 
or  other  small  botue  perfectly  clean  and  dry  may  then  be  taken  and  filled  up 
to  a  mark  made  with  a  file  on  the  neck,  Mrith  distiUed  or  pure  rain  water,  and 
then  carefully  weighed.  Part  of  the  water  may  then  be  poured  out  of  the 
bottle,  and  1000  grains  of  the  dry  soil  introduced  in  its  stead,  the  bottle  must 
then  be  well  shaken  to  allow  the  air  to  escape  from  the  pores  of  the  soil,  filled, 
up  again  with  water  to  the  mark  on  the  neck,  and  again  weighed.  The  weight 
01  the  soil,  divided  by  the  difference  between  the  weifbt  of  the  bottle  with  soil 
and  water  and  the  sum  of  the  weights  of  the  soil  ana  the  bottle  of  waier  to- 
gether, gives  the  specific  eravity. 

Thus,  let  the  boittle  with  water  weigh  9000  grains,  and  with  water  and  soil 
9600,  then- 

Oraliw. 

The  weight  of  the  bottle  with  water  alone  => 9000 

The  weight  of  the  dry  soil 1000 

Sum,  being  the  weight  which  the  bottle  with  the  soil  and  water  ) 

vfould  have  Wcould  the  soil  have  been  introduced  without  >     3000 
displacing  any  of  tlie  water ) 

But  the  weight  of  the  bottle  with  soil  and  water  was     ....       9600 

Difference,  being  the  weight  of  water  taken  out  to  admit  1000  )       ^^qq 
grains  of  dry  soil I 

Therefore  1000  grains  of  soil  have  the  same  btdk  as  400  grains  of  water,  or 
the  soil  is  i^  times  heavier  ^an  water,  since  1000-^400=2*5  its  specific 
.  gravity. 

3<>.  D:f€rminatbn  of  the  absohUe  weight. — The  absolute  weight  of  a  cubic 
foot  of  solid  rock  is  ootained  in  pounds  by  multiplying  its  specific  gravity  by 
63|— the  weight  in  pounds  of  a  cubic  foot  of  water.  '  But  soils  are  porous,  and 
contain  more  or  less  air  in  their  interstices  according  as  their  particles  are  more 
or  less  fine,  or  as  they  contain  more  or  less  sand  or  ve^taote  matter.  Fine 
sands  are  heaviest,  days  next  in  order,  and  peaty  sous  the  lightest  The 
simplest  mode  of  determining  their  absolute  weight,  therefore,  is  to  weigh  an 
enct  imperial  half  pint  of  the  nil  in  any  ftala  of  dfjHMM, 


wbMk  thumii^t 
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muldpliad  by  150,  wQl  gi?e  very  neaily  the  weight  of  a  cubic  foot  of  the  soil  in 
that  state. 

4^.  Deiermiiu^ian  of  the  rdaiht  vropartwns  of  rroiodf  sand^emd  daif, — Five 
hundred  graiae  of  the  dry  edil  may  be  boiled  in  a  flask  hslf  H  of  water  till  the 
Mrtides  are  thorpugUy  separated  from  each  other.  Being  allowed  to  stsnd 
for  a  couple  of  minutee,  the  water  with  the  ftue  matter  floating  in  it  may  be 
poured  off  into  another  vesseL  This  may  be  repeated  seYeial  times  dll  it  ap- 
pears that  nothing  but  sand  or  graTel  remains.  This  eahd  and  gravel  is  then 
to  be  washed  completely  out  or  the  flask,  dried,  and  weighed.  Suppose  the 
wei£^  to  be  300  gitiins,  then  00  ^  cent*  of  the  soil  is  sand  and  gravel.  The 
■and  and  gravel  are  now  to  be  sifted  through  a  gauze  sieve  more  or  less  fine, 
when  the  gravel  and  coarse  sand  are  separated,  and  may  be  weighed  and  their 
proportions  estimated. 

These  separate  portions  of  gravel  and  sand  should  now  \>e  moistened  with 
water  and  eramined  careflilly  with  the  aid  of  a  microscope,  with  the  view  of 
ascertaining  if  they  are  wholly  siliisious,  or  if  they  contain  also  fragments  of 
different  kinds  of  rock— sandrstones,  slaies,  granites,  traps,  lime-stones,  or  iron- 
stones. A  lew  drops  of  strong  muriatic  acid  ^spirit  of  salt)  should  also  be 
added—when  the  presence  of  lime-stone  is  showh  more  distiticdy  by  an  efier- 
vescence,  which  can  be  readily  perceived  by  the  aid  of  the  glass,— or  per-oxide 
of  iron  by  the  Inrowh  colour  which  the  acid  speedily  assumes,— and  of  black 
•adde  of  mugaaese  by  a  dftstinct  smell  of  chlorine  which  is  easily  leeognised. 
In  the  subseMMrt  deseriptioa  of  the  soil,  these  points  should  be  carefrdly  noted. 

Sofmoee  the  sand  end  giwnl  to  eoatain  half  its  weight  of  fine  sand,  then 
our  sou  wo«kl  oonsist  of  coarte  tend  and  imall  ttones  90  per  cent,  ine  sand 
90  per  oent,  clay  and  ether  lighter  matters  40  per  cent 

o^.  Ahm¥mg  ftmer  of  At  snZ.— A  thousand  grains  of  the  peilbsdy  ^mnl, 
crushed  to  powder,  should  be  spread  over  a  sheet  of  paper  and  exposed  to  the 
air  for  twelve  or  twenty-four  hows,  and  then  Weighed.  The  increase  of  weight 
shows  its  power  of  absorbing  Moisture  from  the  air.  If  it  amount  to  15  or  aO 
grains,  it  is  so  for  an  indication  of  sveat  agricultural  capabilities.    " 

0°.  i!to  ftwer  of  hoUtktf^  wUer.-^Tbaa  sanie  portion  of  soil  may  now  be  pot 
into  a  fonnel  upon  a  douNef  filter  and  oold  water  poured  upon  it,  drop  by  dropv 
till  the  whole  is  wet  and  the  water  begins  to  trickle  down  the  neck  of  the  fiiter. 
It  may  nowbe  covered  with  a  piece  of  glass  and  allowed  to  stmid  for  a  few 
hours,  occasionallt^  adding  a  few  drops  of  water,  until  there  lemains  no  doubt 
of  the  whole  soil  being  pwfectly  soaked  The  two  filters  and  the  soil  are  then 
to  be  removed  from  the  rannel,  the  Alters  opened  and  spread  for  a  few  nunotes 
upon  a  linen  cloth  to  remove  the  drops  of  water  which  adhere  to  the  paper. 
The  wet  soil  and  inner  filter  beinar  now  put  into  one  scale^  and  the  outer  fiiter 
in  the  other,  and  the  whole  carefoUy  balanced,  the  true  weight  of  the  wet  soil 
is  obtained.  Suppose  the  ori«;iaal  thousand  grains  now  to  weigh  1400,  then 
the  soil  is  ci^ble  of  holding  w  per  oent  of  water.| 

7^.  Rapidtiiff  wUhwkieh  tkesoU  dries, — ^The  wet  soil  with  its  filter  may  now 
be  spread  out  upon  a  plate  and  exposed  to  the  air,  in  what  may  be  considered 
ordinary  circumstances  of  temperature  and  moisture,  for  4, 13,  or  91  hours,  and 
the  loss  of  weight  then  ascertained.  This  will  indicate  die  comparative  ra- 
pidity with  which  such  a  soil  would  dry,  and  the  conseouent  urgent  demand 
for  orainine,  or  the  contrary.  As  great  a  proportion  ot  the  water  is  said  to 
evaporate  from  a  given  weight  of  sand  saturated  with  water,  in  4  hours,  as 
firom  an  equal  weight  of  pure  day  in  11,  and  of  peat  in  17  hours— when  placed 
in  the  same  circumstancea 

8^.  Pmoer  of  absorMrifheaiJrom  the  sun. — ^In  tfie  preoeding  experiment  a  por- 
tion of  pure  quarts  sand  or  of  pipe  day  may  be  employed  for  the  ptiipoae  of 
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TCffaid  to  the  power  or  the  soil  to  bMome  warn  under  the 
t  the  gQiTs  rays.  Two  small  wooden  boxes,  contaifliBg  eaoh  a 
layer  of  one  of  the  kinds  of  soil,  two  inches  in  depdg^  may  bo  exposed  to  the 
same  sunshine  lor  the  same  length  of  time,  and  the  heal  tlisy  asveraUy  acqoiin 
determined  by  a  tfaennometer,  buried  about  a  quarter  of  an  ineb  beneath  the 
surfitee.    Sous  aie  not  found  to  differ  so  much  m  the  actual  tenperatum  they 


are  capable  of  attaining  under  such  circumstances — ^most  soils  berwning  90^ 
or  9(r  wannerthan  the  surrounding  air  in  the  time  of  summer  aa  in  tae  re- 
lative dtgrwe  of  rapidUif  with  which  they  acquire  this  mazimam  tempenture — 
and  this,  as  stated  in  the  text,  appears,  to  depend  chiefly  upon  the  daikaess  of 
their  colour.  The  determination  of  this  quality,  therefore,  except  as  a  matter 
of  curiosity,  umy,  at  the  option  of  the  expeirimenj^  be  diapensea  with. 

II. — OF  THE  ORGANIC  MATTER  PRESENT  IN  THE  SOIXi. 

S^'.  OeterminaUon  of  Ihd  per-centagM  of  org^mic  maUer. — The  soil  must  be 
thoroughly  dried  in  an  oven  or  otherwise,  at  a  temperature  not  higher  than  be- 
tween 250^  U>  300°  F.  Humic  and  ulmic  acids  will  bear  this  latter  tempera- 
ture  without  change.  An  aeourately  weighed  portion  (lOD  to  900  ffnins)  must 
then  be  burned  in  the  open  air,  till  all  the  blacjmess  disi^pears.  This  is  beat 
done  in  a  small  platinum  capsule  OTCf  an  aiga«4  spirit  or  gas  lamp.  The  loss 
indicates  the  toud  weight  or  organic  matter  present  It  is  scarcely  ersr  pos- 
mble,  howerer,  to  render  soils  absolutely  dry  without  raising  them  to  a  tern- 
peratoie  so  hi^h  as  to  char  the  organic  matter  present,  and  hence  its  weight,  as 
above  detennined,  will  always  somewl^U  exceed  the  truth,  tbfB  remaining  water 
being  driTcn  off  along  with  the  organic  matter  when  the  soil  is  heated  to  red- 
ness. This  excess^  sTso,  will  in  general  be  greater  in  proportion  to  the  quantity 
of  clay  in  the  soil,  since  this  is  the  ingredient  of  most  soils  firom  wmch  the 
water  is  expelled  with  the  greatest  difficulty. 

10^.  DetermneUiom  ofUekumU  od^.— This  acid,  whether  merely  ttiaGed  with 
the  soil,  or  combined  with  some  of  the  lime  and  alumina  it  contains,  is  exincted  by 
boiling  with  a  solution  of  the  common  soda  of  the  sho^.  Into  about  two  ounoea 
by  measure  of  a  saturated  solution  of  this  salt,  contamed  in  a  flask,  900  or  300 
cnrins  of  soil,  previously  reduced  to  coarie  powder,  are  introduced,  an  equal 
bulk  of  water  added,  and  the  whole  boiled  or  digested  on  the  sand  bath  with 
occasional  shaking  for  an  boor.  The  flask  iikthen  removed  from  the  fire,  filled  up 
with  water,  well  ahaken,  and  the  particles  of  soil  afterwards  allowed  to  subside. 
The  clear  tiquid  ia  then  poured  off.  If  it  has  a  brown  colour  it  has  taken  up 
some  humic  acid.  In  mis  case,  the  process  must  be  repeated  onoe  or  twice 
with  fresh  portions  of  the  soda  solution,  till  the  whcrie  oC  the  ipluble  Organic 
matter  ^ypearsby  the  pale  cofour  of  the  solution  to  be  taken  up.  Thesecoloured 
•(rftttions  ase  then  to  be  mixed  and  filtered.  The  filtering  generally  occupies 
oonaiderable  time,  the  humic  and  ulmic  acids  dotting  up  the  pores  of  the  nltsr 
in  a  remarkable  manner^  and  permitting  the  liqiud  to  pasa  through  sooMtimes 
with  extreme  slownesa 

When  filtered,  muriatio  acid  k  to  be  sk>wly  added  to  the  coloured  liqtnd^ 
which  should  be  kept  in  motion  by  a  glass  rod— till  effsrvesoence  ceases,  and 
the  whole  has  become  ^cCinctly  sour.  On  beine  set  aside  the  humic  acid  Alls 
in  brown  flocks.  A  filter  is  now  to  be  dried  and  carefully  washed,*  the  liquid 
filtered  through  it^  and  the  humic  acidthus  coUected.  It  must  be  washed  in  the 
filter  with  pum  waters-rendered  slightly  sour  by  mnriaticacidt— tillallthe  aodais 

*  This  Is  beat  etTected  bj  pattfnf  the  flitsr  islo  a  covend  poreelslii  orueible  of  knoim 
weight,  end  heaUng  It  for  ten  minvtes  over  a  lamp  or  otherwiM,  at  a  tempentare  which 
fotc  does  not  diacoKMir  the  paper,  aUowfog  then  the  enielhle  to  c»ol  nader  cover,  and  when 
cold  weighlnc  ft  The  Increase  above  the  kaewa  weight  of  the  crucible  Is  that  of  the  Alter, 
which,  besides  behig  recorded  hi  the  ezpeiloient  book,  should  also  be  BBiked  In  sevem 
pbces  on  the  edge  of  the  fiher  with  a  black  lesd  peneiL 

t  This  Is  to  preveat  hi  some  messnre  the  hnmle  seid  from  puah^ihroadi  the  filler, 
which  tt  li  veiy  apt  to  do,  whea  Oie  saUne  BBStter  li  assrty  washed  dot  oMt 
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I  frwB  it,*  wlwn  It  is  to  be  diiad  at  96(P  F.,  till  it  oomm  to  lose  weig;fat 
The  final  weight^  miDui  that  of  the  filter,  gives  the  quandt^r  of  hamic  add  con- 
tained in  the  portion  of  soil  sobmittedto  examination.  As  it  is  lareljr  possible  to 
wash  the  humic  acid  perftctly  upon  the  filter,  ri^rous  accuracy  requires  that  the 
filter  and  acid  should  oe  burned  after  being;  weighed,  and  the  weight  of  ash  left, 
minus  the  known  weight  of  ash  left  by  the  filterjt  deducted  from  that  of  the 
acid  as  preriously  determined.  It  is  to  be  observed  here  that  by  this,  which 
is  really  the  only  available  method  we  possess  of  estimating;  the  humic  acid,  a 
certain  amount  of  loss  arises  from  its  not  being  wholly  msoluble,  the  acid 
liquid  which  passes  through  the  filter  being  always  more  or  less  of  a  brown 
colours 

11°.  DHermtnaiion  of  the  imoluUe  kumus, — Many'soils  after  this  treatment 
with  carbonate  of  soda  are  still  more  or  less  of  a  brown  colour,  evidently  due 
to  the  presence  of  other  ori|;anic  matter.  To  separate  this,  Sprengel  recom- 
mends to  boil  the  soil,  which  has  been  treated  with  carbonate  of  soda,  and 
which  we  suppose  still  to  remain  in  the  flask,  with  a  solution  of  caustic  potash, 
repeated,  if  necessary,  as  in  the  case  of  the  soda  solution.  Bv  this  boilii 
the  vegetable  mattet,  which  was  insoluble  in  the  carbonate  of  sooa,  is  chang 
in  constitution  and  dissolves  in  the  caustic  potash,  giving  a  brown  solution, 
from  which  it  may  be  separated  ia  brown  nocks  by  the  addition  of  muriatic 
acid,  and  then  collected  and  weighed  as  above  described. 

In  some  soils,  also,  distinct  portions  of  vegetable  fibre,  such  as  portions  of 
roots,  &c.,  are  present,  and  may  be  separated,  mechanically  dried,  and  weighed. 

1^.  Of  other  organic  ^tihstanca  vreaent  in  the  soil. — The  sum  of  the  weights 
of  the  above  substances  deducted  nom  the  whole  weight  of  organic  matter,  as 
determined  by  burning,  gives  that  of  otker  organic  substances  present  in  the 
soil.  The  (quantity  ofthese  is  in  general  comparativeljr  small,  and,  unless  Ihey 
are  soluble  in  water,  there  is  no  easy  method  of  separating  them,  and  determin- 
ing their  weight.  The  followine  two  methods,  however,  may  be  resorted  to : — 

1^.  Half  a  pound  or  more  of  the  moist  soil  may  be  boiled  with  two  separate 
pints  of  distilled  water,  the  liquid  filtered  and  evaporated  to  a  small  bulk.  From 
clay  soils,  when  thus  boiled  with  water,  the  fine  particles  do  not  readily  subside. 
Sometimes,  after  standing  for  several  days,  the  water  is  still  muddy,  and  passes 
muddy  through  the  filter,  but,  after  being  evaporated,  as  above  recommended,  to 
a  small  bulk,  most  of  the  fine  clayey  matter  remains  on  the  paper  when  it  is 
again  filtered.  As  soon  as  it  has  thus  passed  through  clear,  tne  liquid  may  be 
evapomted  to  perfect  dryness  at  350^  F.,  and  weighed.  Being  now  treated 
witn  water— «  portion  will  be  dissolved — this  must  be  poured  off,  and  the  inso- 
luble remainder  a^in  perfectly  dried  and  weighed.  \\  this  remainder  be  now 
heated  to  redness  in  the  air,  any  organic  matter  it  contains  will  be  burned  off, 
and  its  weight  ascertained  by  me  loss  on  again  weighing.  This  loss  may  be 
considered  as  humic  acid  rendered  insoluble  by  drjang.f  It  does  not  require  to 
be  added  to  the  wei^t  of  humic  acid  already  determined  (10^),  because  in 
that  experiment  a  portion  of  soil  was  employed  which  had  %oi  oeen  boUed  in 
water ^  and  from  which  therefore  the  carbonate  of  soda  would  at  once  extract 
aU  the  humic  acid.    The  present  experiment  need  only  be  made  when  it  is  do- 

*  This  it  Mceiteined  by  colleclinf  a  few  di?»p«  of  what  is  panliif  through  apon  a  piece  of 
dean  flan  or  plaUaum,  aod  drylnc  then  over  (be  lamp,  when,  if  a  pereepiible  Main  or  spot  is 
toft,  the  substance  Is  not  safficiently  washed. 

t  The  ash  left  bv  the  paper  employed  for  fllters  should  always  be  known.  This  Is  ascer- 
tained, once  for  all,  by  drjinf  a  qoaadty  of  It  In  the  way  described  In  the  previooa  note, 
weighing  It  In  this  dry  stale,  bamiog  It,  and  sgain  weighing  the  ash  that  Is  left.  In  good 
filtering  paper,  the  ssh  oogfat  not  to  exceed  one  per  cent 

X  The  portion  which  thos  remains  In  the  solution  may  be  precipitated  by  adding  a  sbmII 
aoandtv  of  a  solotion  of  slom,  and  afterwards  pouring  In  ammonia  in  escees.  The  alumina 
Alls  coloured  bjr  the  oigsnlo  matter,  and  after  being  collected  on  a  flUer,  washed,  and  dried, 
^ti^l^Al^^  nutterin  the  precipitate  may  be  determined  approximately  as  des- 

f  ■MLeetmsxIiL.ft 

Digitized  by  VjOOQIC 


No.  v.]  OP  TBS  OBOANIC  MATTER  PKItBITT  IN  TKW  SOIU  Si 

■irable  to  ascertBin  how  mach  humie  aeid  a  soil  eontaim  in  a  acata  in  wfaieh  it 
ia  aoluble  in  water.  Where  ammonia,  potash,  or  soda  is  pesent  in  the  soil, 
some  chemists  consider  this  quantity  to  be  my  eonsiderable,  and  to  eznreise 
an  important  influence  upon  Tegetation. 

That  which  was  taken  up  by  water  from  the  dried  residnimi  is  agms  to  be 
evaporated  to  dryness,  dried  at  150°,  weighed,  and  bnrned  at  a  ^010  red  heal 
The  loss  is  organic  matter,  and  may  have  been  crenic  or  apocrenic,  or  some 
other  of  the  organic  acids  formed  in  soils,  the  compounds  of  which,  with  lime, 
alumina,  and  prot-oxide  of  iron,  are  soluble  in  water.  If  any  little  sparkling  or 
burning  like  match-paper  be  observed  during  this  heating  to  redness,  it  may  be 
considered  as  an  indication  of  the  presence  of  nitric  acid-^  the  fonn  of  n^ 
trate  of  potash,  soda,  or  lime.  In  this  case  the  losaby  burning  will  slx^btly  ex- 
ceed the  true  amount  of  organic  matter  present,  owing  to  the  dMomposition  and 
escape  of  the  nitric  acid  also.  The  mode  of  estimating  the  ouantity  of  this  acid, 
when  it  is  present  in  any  sensible  proportion,  will  be  heraaner  described. 

9^.  The  caustic  potaan  emptoyea  to  dissolve  the  insoluble  humus  (11^)  takes 
up  also  any  alumina  which  may  have  been  in  combination  with  the  humic 
acid  or  may  still  remain  united  to  the  mudesous*'  or  other  oreanie  acids.  When 
the  solution  is  filtered  cmd  the  humic  acid  separated  by  the  addition  of  muriatic 
acid  till  the  liquid  has  a  distinctly  sour  taste,  this  alumina,  and  the  adds  with 
which  it  is  in  combination,  still  remain  in  solution.  After  the  brown  flocks  of 
humic  add,  however,  are  collected  on  the  Alter,  the  alumina  may  be  thrown  down 
from  the  filtered  solution  by  addin?  caustic  ammonia  to  the  sour  liauid,  until 
it  has  a  distinctly  ammoniacal  smell.  The  light  predpitate  which  nils  must 
be  collected  on  a  filter  and  washed  with  hot  water  Ullthepotash  is  as  comnletely 
separated  as  possible.  It  is  then  to  be  dried  at  300°  F.,  wdghed  and  neated 
for  some  time  in  a  dose  crucible  over  the  lamp,  at  a  temperature  which  begim 
to  discolour  it,  and  again  weighed.  Bdng  now  burned  in  the  air  till  it  is  quits 
white^  and  weighed,  the  last  loss  may  be  conndered  as  mudesous  or  some  smii- 
laraeid. 

The  reason  why  this  second  method  of  drjring  over  the  lamp  is  here  re- 
commended, is,  that  alumina  and  neariy  all  its  compounds  part  with  their 
water  with  great  difficulty,  and  even  with  the  precautions  above  indicated,  it  is 
not  unlikely  that  a  larger  per-centage  of  organic  matter  may  thus  be  indicated, 
than  in  reality  exists  in  the  soil.  The  check  which  the  aeeunte  experimenter  has 
upon  all  these  determinations  is  this,  that  the  sum  of  the  several  wd^ts  of  the 
humic  add.  the  insoluble  humus,  the  vegetable  fibre,  and  of  the  crenie  and  mu- 
desous acids,  if  present,  should  be  somewhat  less  than  that  of  the  whole  com- 
bustible organic  matter,  as  determined  by  burning  the  dry  soil  in  the  open  air 
(9°).  This  quantity  we  have  seen  to  be  in  most  cases  greater  than  the  truth, 
because  any  remaimng  water  or  any  nitric  add  the  soil  may  contain,  are  at  the 
same  time  driven  off. 

I  may  frurther  remaric  upon  this  subject  that  the  qutfitity  of  alumina  thus 
dissolved  by  the  caustic  potash  is  in  most  soils  very  small,  and  the  quantity  of 
organic  matter  by  which  it  is  accompanied  in  many  eases  so  minute,  that  the 
determination  of  it  may  be  considered  as  a  matter  or  curiodty,  rather  than  one 
of  practical  importance. 

III.— OP  THS  SOLUBLE  84UNS  MATTSSL  IN  THE  SOIL. 

129.  With  a  view  to  determine  the  naimn  of  the  soluble  saline  matter  in  the 
■oil,  a  prettminary  experiment  must  be  made.  An  un weighed  portion  must  be 
introduced  into  five  or  six  ounces  of  boiline  distilled  water  in  a  flask,  and  kept 
at  a  boiling  temperature,  with  occasional  snaking  for  a  quarter  of  an  hour.  It 
may 'then  be  allowed  to  subside,  after  which  the  liquid  is  to  be  filtered  till  it 
passes  throuf^  dear.    It  is  then  to  be  tested  in  the  following  manner.    Small 

Except  where  upturn  it  pretent  in  the  faitolable  poitlon,  which  is  not  anflregaentlj  the 
I,  when  the  lots  will  be  pertly  wat«r-«loee  gyptaBi,afier  betef  dried  stSVOP;  lasts  still 
It  20-6  per  eeot  of  water  when  htsfttd  to  redness. 
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•epanto  MrtiMM  an  to  be  mit  uuo  ao  mai^r  «1mb  wim  ^m«s,  and  the  tSux 
producMMlapMi  thaaa  by  4iifti«n^  cbamiqal  auhitancea  caraftiUy  noted. 
If  vkk  a  ftv  diope  Of— 

a.  Nitrate  of  fiarytOf  it  pvea  a  white  powdeiy  precipitate,  which  doea  not 
rfiaappnar  iin  thft  wViftf —    nitiie  or  munati^  actd,  tU  tohuiai^  contaim  twlpku 
fie  mad.    If  the  veemilate  doea  appear,  it  eontaips  car^nic  add.    In  thia  loi- 
ter case,  the  liqoid  will  ileo  efierreeoe  oa  the  eddtiion  of  either  of  the  acada 
above  mentioiied. 

b.  If  with  oauiiate  of  oeieigme,  it  giTea»  either  immediately  or  after  a  time,  a 
while  cloud,  it  eeataini  lime,*  and  the  greeter  the  roillrinwia,  the  Inx^ger  the 
qiiaatity  of  lime  may  be  pieaiuned  to  be. 

«.  If  with  fufrvif  o/nlver^  it  givee  a  white  curdy  pieeipitate,  inadlable  in  pore 
nitric  aekl,  and  speedily  beceming  purple  in  the  ann,  it  may  be  pmanmed  to 
contain  chlorine. 

d.  If  with  ceHUtic  ammonia  it  |iT«i  |i  pure  white  gelatinoua  pieciiutaie,  it 
eontaina  eithcv  gkvmina,  or  wuignemt,  or  both.  In  thia  caae,  muriatic  acid  must 
be  added  till  the  pieeipitale  diMypeam,  and  the  solution  is  distinctly  acid.  If 
on  the  addition  of  ammonia  in  eseess,  the  prtoipitate  reappears  undiminiahed 
in  quantity,  it  eontaina  akimint^  emhf.  If  it  be  distinctly  Zest  in  quantity,  we 
may  infrr  the  pmaeneeef  both  niognesia  and  alumina  j  and  if  no  precipitate  now 
appean,  that  it  eontaina  nkviMMAMly.  Ifalaigequantityofmagnesia  be  present, 
it  may  be  neeeasaiy  to  rcimssnlrs  and  acLdii^  the  solution  a  second  tune  be- 
fine,  on  the  f»<addition  of  ammonia,  the  precipitate  would  enturely  dtaappear. 

if  the  precipitate,  by  ammonia,  have  more  or  leaa  of  a  brown  colour,  the  pr»> 
aenee  of  tnm,  and  perhapo  mtmgamme^  may  be  inftned.  U;  on  the  aeeond 
addition  of  ammonia,  the  colour  of  the  preeipitate  has  disappeared,  it  haa  been 
due  to  the  mswgnnneg  only^if  it  still  continue  brown,  it  is  owing  chiefly  or 
altogether  to  tlw  preeenee  of  oxide  of  iron.  If  the  colour  of  the  precipitate,  by 
'    "  >    1    •.  *' I  almost  entirely  of  oxide  of  iron,  and  may 


,  be  very  dark,  it  consists  . 

contain  little  or  no  alumina,— when  it  is  only  more  or  less  brown,  the  preaenoe 
of  both  alumina  and  oxide  of  iron  may  with  certainty  be  inteed. 

#,  IC  after  the  first  addition  of  ammonia,  the  solution  be  filtered  to  separate 
the  alnmina,  the  oxidee  of  iron  and  manganeae,  and  the  magneaia  that  may  be 
thrown  down— if  oxpiate  of  ammonia  be  then  added  tiU  all  the  lime  ftlla,  and 
the  liquid  be  a^ain  filtered,  evaporated  to  dryneaa,  and  then  heated  to  incipiem 
rednees  in  the  air,  till  the  exceea  of  oxalate  or  ammonia  ia  destroyed  and  driven 
ofiT— and  if  a  aoluble  residue  then  reinain,t  it  is  probable  that  fikoik  or  soda^  or 
both,  are  pieeent  If^  on  dissolving  this  residue  in  it  Utile  water,  the  addition  of 
a  few  dropa  of  a  solution  of  tartaric  acid  to  it  produce  a  depoaite  of  amall 
colourleas  erystala  (of  cream  of  tartar),  or  if  a  drop  of  a  solution  of  bi-ehlo- 
fidA  of  jAetinum  produce  in  a  short  time  a  yellow  powdery  precipitate,  it  con- 
tains fotoA,  If  no  precipitate  is  produced  py  either  of  theee— re-agects  as  they 
am  oalled— the  prMenoe  of  soda  may  be  inferred.  If  the  yellow  precipitate, 
eontaiung  potnsa  and  platinum,  be  separated  by  the  filter,  and  the  solution,  after 
being  tiealsd  with  sulphuret^  hydroaen  and  filtered  to  sqwrate  the  excess  of 
fai-GUorid»  of  i4atinmn»  be  evaporated  H>  dryness— if,  then,  a  soluble  saline 
residue  still  remain,  the  solution  contains  soda  as  well  as  potash. 

It  is  to  be  observed  that  some  msgnesia,  if  present,  may  accompany  the  pot- 
ash and  soda  through  these  eeveral  prooesees.  After  the  seperation  of  the  potash, 
a  lititeeanstio  ammonia  will  delect  the  preaenoe  of  magneaia,  bnt  it  wilt  ramly 
befiMmdaofertoimwfeiewith  thia  frAmmary  eiawination  as  to  prevent  the 


aqMrimenlerfttNai  arriving  at  eomct  rBsalts(see  p.  di^  /). 

*  Tlie  lasroed  reader  wtU  undentsod  wbv.  fer  the  eeke  of  atrnpllelty,  I  take  do  noCfee  of 

SbfltwicM  not  Ukelj  to  ba  praeont  In  tbe  aefi—aa,  for  exampio,  baiyta,  which  would  hsra  be 
rown  down  along  wtth  tbe  Itino,  or  ofoxalle  aeld,  wMch,  aquallj  wtth  the  salpfanrte  er  oa»> 
bopio  (ax  wpold  five  a  wbita  pr9c(pitatQ  with  nitrate  Qf  baryta. 
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/.  If  the  additioii  of  bi-chlonde  of  platinum  to  the  aoltitum  diicietljr  filtered 
from  the  aoil  give  a  yellow  pfecipitate,  it  contains  either  potash  at  anmamcL 
U,  when  coUocted  on  the  filter,  <uied,  and  heated  to  bright  redness  in  the  air, 
white  firnies  are  gtven  off  by  this  yellow  precipitaiei  and  only  a  epongy  mass 
of  metallic  platinum  remains  behind,  the  solution  contains  ammoma  only.  If, 
with  the  platinum,  be  mixed  a  portion  of  a  soluble  substance  haying  a  taste 
like  that  of  common  salt,  and  giying  again  a  yellow  precipitate  with  bi-chloride 
of  platinum,  it  contains  potash — and  if  the  spongy  platinum  contained  in  the 
burned  mass,  after  prolonged  heating,  amount  to  more  than  57  per  cent  of 
its  weight,  or  if  it  be  to  the  soluble  matter  in  a  higher  proportion  than  that  of 
4  to  3,  the  solution  contains  both  potash  and  ammonia. 

The  presence  of  ammonia  in  the  saline  substance,  or  in  the  concentrated  solu- 
tion, is  more  readily  detected  by  adding  a  few  drops  of  a  solution  of  caustic 
potash,  when  the  smell  of  ammonia  becomes  perceptible,  or  if  in  too  smsU 
quantity  to  be  detected  by  the  smell,  it  will,  if  present,  restore  the  blue  colour 
to  reddened  litmus  paper.    This  experiment  is  best  made  in  a  small  tube. 

g,  U,  when  the  solution,  obtained  directly  from  the  soil,  is  evaporated  to  dnr* 
ness,  and  the  residue  heated  to  redness  in  the  air,  a  definmtion  or  burning  Gxe 
mateh-poper  be  obeerved,  nitric  acid  is  present  Or,  if  the  dry  mass,  when  put 
into  a  test  tube  with  a  little  muriatic  acid^  evolves  distinct  red  fumes  on  bemg 
heated,  or  enables  the  muriatic  acid  to  dissolve  gold-dust,  and  form  a  yellow 
solution ;  or,  if  to  a  colourless  solution  of  ^preen  vitriol  (sulphate  of  iroiOi 
introduced  into  the  tube  along  with  the  muriaUc  acid,  it  imparts  more  or  less  of  a 
brown  colour — ^in  any  of  these  cases  the  presence  of  nitnc  acid  may  with  cer- 
tainty be  inferred.  It  will  be  only  on  rare  occasions,  however,  that  salu,  so 
soluble  as  the  nitrates,  will  be  found  in  sensible  quantity  in  the  small  portion 
of  a  soil  likely  to  be  employed  in  these  preliminary  expenments. 

h.  If  ammonia  throw  down  nothing  (see  underii)  from  the  solution,  and  if 
no  precipitate  appear  when  chloride  of  calcium  or  magnesium  is  afterwards 
added,  the  solution  contains  no  phosphoric  acid.  But  if  ammonia  cause  a  pre* 
dpitate,  cmd  after  this  is  separeteid  by  the  filter,  nothing  further  &lls  on  adoing 
either  d  the  above  chlorides,,  the  phosphoric  acid,if  any  is  present,  will  be  con- 
tained in  the  precipitate  which  is  upon  the  filter.  Let  this,  after  being  well 
washed  with  distilled  water,  be  dissolved  off  with  a  little  pure  nitric  acid 
diluted  with  water,  and  then  neutralized  as  exactly  as  possible  with  ammonia. 
If  a  solution  of  acetate  (su^ar)  of  lead  now  throw  down  a  white  precipitate,  phofr- 
phoric  acid  is  present  The  phosphate  of  lead — the  white  precipitate  which 
fidls— melts  readily  before  the  blow-pipe,  and,  on  cooling,  crystallizes  into  a  bead 
with  beautiful  crystalline  facets. 

Or— if  the  precipitate  thrown  down  b^  ammonia  be  wholly  or  in  part  insolu- 
ble in  pure  acetic  acid  (vinegar),  that  which  is  undissolved  contains  phosphoric 
acid.  If  acetic  acid  dissolve  the  whole,  it  may  be  infiarred  that  no  phosphoric 
acid  is  present  in  the  soil. 

But  if  no  precipitate  be  thrown  down  by  ammonia,  instead  of  the  chloride  of 
ealdum  above  recommended,  a  few  drops  of  a  dilute  solution  of  alum  may  be 
mixed  with  the  solution,  after  adding  the  ammonia,  and  the  whole  well  shaken. 
If  the  Vhite  precipitate,  which  now  fells,  dissolve  wholly  in  acetic  aci^  no  phos- 
phoric acid  IS  present,  and  vice  versa. 

These  preliminary  trials  beii]«  made,  notes  should  be  kept  of  all  the  appear- 
ances presented,  as  the  methodto  be  adopted  for  separating  and  determining 
the  weight  of  each  substance  will  depend  upon  the  number  and  nature  of  those 
which  are  actually  found  to  be  present 

14^.  DeteminaHan  of  the  quanUUes  of  the  several  constitntents  of  the  sohtUe 
saUne  maUer. — The  quantity  of  soluble  saline  matter  extracted  fnm  a  mode- 
rate quantity  of  any  of  our  soils  is  rarely  so  great  as  to  admit  of  a  rigorous 
analysia,  and  the  preceding  detennination  of  the  kind  of  substances  it  contains 
will  be  in  most  cases  suficient    Csses  may  occur,  however,  in  which  mneji 


or  TRB  SOLUBL*  tALIirB  MAlVmE  »  !■■  MK*.  [AffendiMt 


34 

saline  matter  may  be  obluned  ;•  it  wiM  be  proper,  tkaelbrei,  bnif  lo  buUb 
the  methods  by  which  the  respeetiTe  quantttiee  of  eaob  eoutitBent  mty  be  a^- 
curatety  determined. 

a.  EiUmtUwn  of  the  Sutpkuric  Add,— TYm  soliitioii  behi|^  g«a^  wiOMdl,  a 
few  drop9  of  nitric  add  are  to  be  added  until  the  ■olmioii  la  ali^ihtly  acid,  abd 
any  canonic  acid  that  may  be  present  is  expelled,  aftar  which  mCfala  of  baiyta 
19  to  be  added  to  the  soluuon  as  long  as  any  thing  falls.  Tha  whits  piaeipi- 
tale  (sulphate  of  baryta)  is  then  to  be  coUeeted  on  a  weighed  fihev^  well  waaljed 
with  distilled  water,  dried  oyer  boiling  water  as  long  as  it  loses  waight,  aod 
then  weighed.  The  weight  of  the  filter  being  deducted,t  ersvy  100  giaiaa  of 
the  4iy  powder  are  equal  to  34-37  grains  of  solphiinc  add. 

b.  EsUmatwn  rfthe  CkUirine. — The  solution  of  nitrate  of  silver  moat  be  add- 
ed as  iopg  as  ai)y  precipitate  fUls.  the  precipitate  then  washed,  dried  at  212^  F., 
and  weighed  as  oefore.  Every  lOO  grs.  of  chloride  of  silver  indicate  94*67  gia. 
of  chlorine,  or  40*88  grs.  of  common  salt. 

c.  EsUmaHon  of  the  lAme. — A  little  dilated  muriatic  aeid  beiag  added  to  throw 
down  the  excess  of  silver,  apd  a  little  sulphuric  add  to  sepaimte  tha  axcaas  o£ 
baryta,  added  in  the  former  operations,  and  the  preci|Mtates  sspaFBted  hy  lii- 
tration — caustic  ammonia  is  to  be  poured  in,  till  the  solution  isdistmctly  alcaUna. 

*  This  is  ihe  esse  mih  the  rieh  sollsof  Indls  sad  Eapt,«iHlor  otber  wum  climates. 
Thti  will  spwnr  firom  tbe  IbUowiiHi  sastysas  of  some  Indiaa  soils,  made  oa  the  spot  by  Mr. 
Fleiainf  « of  Hsrpchsn,  durinc  ths  boun  of  leisure  toft  him  bj  hli  mora  impoctuit  duties  :— 


Jkmlym  af  toils  vi^N^nik  <md  &mtk  Bdutr^  fiengal  PrmiaKy—(SiO0  graint  of 
each  being  analysed,) 
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P.  Near  Qya,  Hoatb  Behar.— Of  a  dark  eolom*,  so^y 
to  thetoQcli  wlioD  moist,  liard  and  onsks  wheo  diy ; 
yields  a  eiop  of  rice  aod  oas  of  wheat  eveiy  year.  Me- 
ter liea  ftUow,  bat  is  QOTered  with  water  duiug  pan  of 
the  rainj  seatoa,  and  Is  produetlTe— (rom  3D  to  60 
boshela  of  wheat  per  acre. 

30.  Soil  from  the  aame 
Bwist  and  creeks  whea  dry — nther  more  produeiive 
thanNo.l. 

8^.  Fkom  the  same  dlslrtcL— Heafy  red  elsy  soB, 
prodaebiff  wheat,  pease,  oollon,  or  poppy  in  ttie  dry 
■eaaon,  and  Indiaa  com  and  aillKt  in  the  wet  season: 
not  loirodated  in  the  raina,  and  sometimes  Buoured 
with  aahea  of  wood  and  cow  dung. 

40.  Sou  flrom  North  Behar,  Tlrhoot—A  deep  loam, 
ytoldinftwo  crops  yearly;  not  inondated,  piodoclnf 


ladianooni,  indlfo,  poppy,  4ko. 
9(  to  w  boahela  of  wheat  per  aera;  la  not  usually 
manured. 

6^.  tlrhoot— Soil  light  eoloared ;  pRMhiclag  nearly 
the  aame  crops,  batnotsoprodn^Tsss  Na  4.   '-  - 
egfcireaoence  in  patoheik 

60.  Tirhoot— Ifot  ao  prodactiTe  as  No.  6,  sod  some 
patehea  nearly  aterfle  ftom  the  aalbie  effloreaceoee, 
except  in  the  rainy  season,  when  It  produces  gooo 
crops  of  Indian  com.    Boil  light  coloorsd. 


!i!Tf?7-S!i!;?Slf  ^'•**°'X  XF'  E-  **>  ^  ^^  influence  which  this  kife  propoilfcm 
matter  exercises  upon  the  iiiznrlsnce  of  the  Tegeiaiion. 
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If  no  iiitieijiititH  fcU,  otalate  rf  arnmitta  w  to  bo  odMaslottataay  wUlo 
powder  oppeon  to  be  prodnoBd.  Tbo  aohNioB  noet  tben  be  left  lo  etand  over 
nifflift— that  the  whole  of  the  liauB  may  aepaiale,— 4he  white  powder  afterwarde 
coBecled  OB  a  iBter,  waahed,  diied,  aid  borned  with  the  filteiv  at  a  hiw  ced  b^ 
The  my  powder  obtained  la  oaxfoonate  of  limei  otevy  100  gia.  of  v^oh  eon- 
tarn  fi-fl  gis.  of  Ume. 

AU  on  the  addittoii  of  ammonia,  aa  aboffo  pteacrihed-flhe  eolution  msjr  eon- 
tammaipeaia,  alttmina,  and  the  oBDdea  of  iron,  and  manjjaneee.  In  thu  ease 
the  yaun^jiiatt  ia  to  ben-diasolved  by  the  addition  of  monatie  add  till  it  ia  die- 
ttnet^noid,aBd  ammonia  again  added  in  elighteseeia  If  any  preeipitate  now 
fidi,  It  will  coneist  only  of  alamina  and  oxide  of  wm^  unkiea  mncniTflie  end 


oxide  of  mengenean  be  pneentin  huge  proportion,  when  a  minnte  quantity  of 
each  may  ftdl  at  the  lame  time. 

ThepieeipiimBiato  be  eolleeted  on  the  £lier  ae  cpiickly  as  poeaiUe,-^the  fan* 
nel  beiagat  the  aemetime  eorerad  with  a  plate  of  ^oie  to  pterent  aa  maeh  aa 
possible  the  access  of  the  air, — WMhed  with  distilled  water,  ajod  then  ro'dissolved 
m  mntiatic  add.  This  is  best  eflbcted  by  spreading  out  the  filter  in  a  small 
poredain  dish,  adding  dilate  acid  tiU  all  is  dissolred,  and  then  waahing  the  pa- 
per well  with  distiDed  water.  A  few  drope.of  nitric  add  aie  then  to  be  added, 
and  the  solution  heated,  to  peroxidize  the  irottk  A  solution  of  eaostic  potash 
added  m  cxcar  will  at  first  throw  down  both  the  oxide  of  iron  and  alumimLbut 
will  aftsrwaxds  ro-diasdve  the  alnmtna,  andleave  only  the  oxide  of  iron.  Thia 
is  to  be  collected  on  a  filter,  washed,  dried,  heated  Co  ledaess,  and  weighed. 
Every  100  gmina  of  this  peroxide  of  iron  are  equal  to  89*78  grains  of  protoxide, 
in  wnieh  state  it  had  most  pr^iably  existed  in  the  original  solution. 

To  die  potash  solution  muxiatie  aeid  is  added  till  the  alkali  is  satnmted,  or  till 
the  solution  reddens  titmia  paiper*  when  the  addition  of  ammonia  prodpitatea 
the  alumina.  AsitisdiAeohtowa8hthiapiedpitaleperfbctl^fi(eefirmnpotash,it 
is  betteito  dissolve  it  again  in  muriatie  acid,  and  to  re-precipitate  it  by  cauacic 
ammonia.  When  wdl  washed,  dried,  and  weifihed,  this  preeipitatogivea  the  true 
quantity  of  alamina  present  in  the  portion  of  salt  snbinittea  to  analvais. 

e.  EMmalien  &f  tm  Mtrngarme, — To  the  ammoniacal  aolutions  from  which 
the  oxalate  of  lime  haa  been  predpitated  (<:),  a  solution  of  hydro-sul^^uret  of 
ammonia  is  to  be  added.  The  manganese  will  Ml  in  the  lorm  of  a  ^oAk  red 
sulphnret.  When  this  precipitate  has  fiilly  subnded,  it  inust  be  cdleeted  on  the 
fiho'  and  washed  with  water  containing  awery  little  hydro^ulphurBt  of  ammo- 
nia. The  filter  ia  then  put  into  a  glasaor  porcelain  basin,  the  predpitate  die- 
aolved  off  by  dilute  muriatic  aeid,  and  the  solution  filtered,  if  neoeasary.  A  so- 
lution of  carbonate  of  potash  then  throws  down  carbonate  of  manganese,  which 
is  eoOected,  dried,  and  heated  to  redness  in  the  air.  Of  the  brown  powder  ob- 
tained 100  gvahis  indicate  the  presence  of  93*84  graina  of  protoxide  of  manganese 
in  the  salt  or  solution  under  examination. 

/.  EstimaHm  of  the  Magnma,^-U  no  potash  or  soda  be  present  in  the  reddual 
aoiatiott,  the  determination  of  the  maciieeia  b  ea^.  A  ftw  drops  of  muriatic 
add  are  added,  and  the  whole  gemly  heated,  and  aAerwards  filterod,  to  separate 
the  sulphur  of  the  excesaof  hy£o-sulphuret  of  anunonia  ptemusly  added.  The 
solutioD  ia  then  evaporated  to  drynees,  and  the  dry  maaa  heated  to  redness  to 
drive  off  all  the  ammoniacal  salu  pmviooaly  added.  A  few  drops  of  diluted  sulr 
phurie  said  aro  added  to  what  remains^  to  ohange  the  whole  of  the  magnesia 
mto  sidphate,  the  mass  again  heated  to  vedneas  and  weighed.  One  hnndred 
grains  <^this  sulphate  indicate  the  preoenee  of  34-01  ^  (tf  piue  maaneoia. 

But  if  potash  or  soda  be  pressnt— 4he  weight  of  which  it  is  desirable  todeter- 
adne    die  simplest  methoa  is  to  take afireah  portion,  15  to 90  grains,  of  the 

*  Utaas paper iayner staioed  bj  dipotaif  It lal»a  eolatloB of Htmas, av«feieUe Mae  oo. 
lour,  prapsred  sod  sold  for  the  pomse  of  deteaciog  die  preMoee  otfrm  adds,  bf  which  It 
is  raddtaed.  ^'a'"^""  "^  <^^^^-^ 
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■alifie  matter  nnder  exaraffytdmi.  If  an)r  soliilmrie  acid  ba  picaent  in  it  add  ni- 
tratex>f  baryta  drop  b^  drop  to  the  solution  till  the  whole  of  the  acid  ia  exaedy 
thrown  down^if  possible,  no  excess  of  baryta  being  left  in  the  aolutioii — then 
precipitate  the  alumina  and  oxides  of  iron  and  manganese,  and  the  lime,  if  any 
of  these  be  present,  and,  finally  evaporate  to  dryness,  and  heat  to  redness  as  b»> 
fore.  The  drv  mass  is  now  to  be  dissolved  in  water,  adding,  if  necostay  to 
eompieie  tke  solmiwny  a  few  drops  of  muriatic  acid.  A  quantity  of  red  oxide  of 
mercury  is  then  to  be  added  to  the  concentrated  solution,  and  the  whole  boiled 
down  to  dryness.  Water  now  dissolves  out  the  potash  and  soda  only,  and 
leaves  the  maenesia  mixed  with  oxide  of  mercury.  This  is  to  be  ooUected  on 
a  filter,  washed— not  with  too  much  water^-«nd  heated  to  redness,  wlien  the 
magnesia  remains  pure,  and  may  be  weighed. 

g.  SslimiUwno/tke  PUaakandStMia. — The  solution  contslnine  the  potash 
and  soda,  is  to  be  evapomted  to  dr^ess,  and  heated  to  redness  to  mrive  off  any 
mereurjr  it  may  contain.  The  weig^ht  of  the  mass  which  consists  of  a  mixtore 
of  chloride  of  potassium 'with  chloride  of  sodium  (common  salt)  is  accurately 
determined,  it  is  then  dissolved  in  a  small  quantity  of  water,  and  a  solution  of 
bi-ch)oride  of  platinum  added  to  it  in  sufficient  quantity.  Being  evaporated  by 
a  very  g  ntie  neat  nearly  to  dryness,  weak  alcohol  is  added,  which  dissolves  the 
chloride  of  sodium  and  any  excess  of  salt  of  platinum  which  may  be  pieaenL 
The  yellow  powder  is  collected  on  a  weighed  filter,  washed  well  with  mints, 
dried  by  a  gentle  heat  and  weighed  on  the  filter.  Every  100  grains  indicate 
thepresence  of  19*33  erains  of  potash,  or  30*56  grains  of  chloride  ofpotaasium. 

The  quantity  of  ahioride  of  sodium  is  estimated  from  the  loss.  The  weight 
of  the  chloride  of  potassium  above  found,  is  deducted  from  that  of  the  mixed 
chlorides  previously  ascertained,  the  remainder  is  the  weight  of  the  chloride  of 
sodium.  Every  100  grains  of  chloride  of  sodium  (common  salt)  are  equiva- 
lent to  53-99  of  soda. 

k.  BsiinuUian  of  the  Ammonia, — If  amn^onia  be  present  in  the  solution  along 
with  potash  and  other  substances,  the  meUiod  by  which  it  can  be  most  easily 
estimated  is  to  introduce  the  solution  into  a  large  tubulated  retort,  to  add  water 
until  the  solution  amounts  to  nearly  an  Engli^  pint — then  to  introduce  a  quan- 
tity, of  caustic  potash  or  caustic  Muryta,  and  to  distil  by  a  eentle  heat  into  a 
close  receiver,  oontaininf  a  little  dilute  muriatic  acid,  until  fully  one  half  has 
passed  over.  Bi-chloride  of  platinum  is  then  to  be  added  to  the  solution, 
which  has  come  over,  previously  rendered  slightly  acid  by  muriatic  acid,  and 
the  whole  is  evaporated  nearby  to  dryness  by  a  very  gende  heat.  Dilute  alco- 
hol is  then  added  to  wash  out  the  excess  of  tne  salt  of  platinum,  and  the  yellow 
powder  is  collected  on  a  filter,  washed  with  spirit,  dried  by  a  vervgendelieat, 
and  weighed.  One  hundred  grains  indicate  the  presence  of  I'GS  grains  oi 
ammonia. 

Or  the  yellow  powder,  without  bein^  so  carefully  dried,  mav  be  heated  to  red- 
ness, when  only  metallic  platinum  will  remain.  One  hunared  ^iraina  of  this 
metallic  platinum  indicate  the  presence  of  17*39  grains  of  ammonia. 

i.  Bsttmaiidm  of  the  Pkeapkaric  Aad, — If  phosphoric  add  be  present  in  the 
solution^  it  wSi  be  contained  in  the  precipitate  thrown  down  by  ammonia  (fy 
As  it  will  never  be  (bund  but  in  ver^  small  quantity,  the  rigorous  determination 
of  its  amount  is  a  matter  of  considerable  difficulty.  The  fi>llowing  method 
already  described  (13^,  A,)  may  be  adopted.  The  precipitated  alumina,  oxide 
of  iron,  du^,  thrown  down  by  ammonia,  after  being  dried,  are  to  be  mixed  with 
•three  times  their  weight  of  pure  dry  carbonate  of  soda,  and  fused  toeetherin  a 
pladnom  crucible.  The  fused  mass  is  then  to  be  treated  with  cold  distilled 
water  till  every  thing  soluble  is  teken  up.  The  filtered  solution  is  next  to  be 
genUy  heated  and  exaedy  neutralized  with  nitric  acid,  when  a  solution  of  ni- 
trate of  silver  wiU  throw  down  a  white  precipitate  of  phosphate  of  sUver,  which 
SiJ?,'*J!/^2***'**^'  dned,  and  w^died  Every  bundled  grains  of  it  aie  equal  to 
9S-51  of  phosphone  aad,  or  48%0  of  bone  eardi. 
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Or  the  filtered  aoladcm  may  be  treated  with  muriatic  acid,  ammonia  added  in 

exceas,  and  then  a  soiution  of  chloride  of  calcium.    Bone  earth  will  fall,  which 

^ia  to  be  collected,  washed,  heated  to  redness,  and  weighed.    One  hundred 

mins  of  it  contain  48*45  of  phosphoric  acid.    The  former  method  is  probably 

me  better,  but  neither  of  them  will  give  more  than  an  approximation  to  tfie  truth. 

That  portion  of  the  fused  mass  which  cold  water  has  refused  to  take  upis  to 
be  dissoiTed  in  muriatic  add,  and  again  precipitated  by  ammonia.  The  clear 
solution  which  passes  through  is  to  be  added  to  the  first  ammoniacal  solu- 
tion {c)j  from  which  the  lime  is  not  yet  thrown  down,  as  when  little  alumina 
and  ozide  of  iron  are  present,  a  small  portion  of  lime  and  magnesia,  if  con* 
tained  in  the  salt  under  examination,  may  have  fallen  along  with  them  in  com- 
bination with  phosphoric  acid. 

The  alumina  and  oxide  of  iron  which  rest  on  the  filter  are  to  be  separated 
and  estimated  as  already  described  (d). 

k.  BsthnaHon  of  the  Carbonic  AcuL — ^The  lime  and  magnesia  dissolved  by 
eold  diluted  muriatic  acid  are  partly  in  combination  widi  carbonic  acid  and 
partly  with  the  humic,  ulmic,  and  other  vegetable  acids.  To  determine  the 
carbonic  acid,  100  gmins  of  the  soil  dried  at  212°,  are  to  be  introduced  into  a 
small  weighed  flask,  and  then  just  covered  by  a  weighed  quantity  of  cold  di- 
luted muriatic  acid.  After  12  hours,  when  the  action  has  ceased,  a  small  tube 
is  to  be  introduced  into  the  flask  and  air  sucked  through  it  till  the  whole  of  the 
carbonic  acid  is  drawn  out  of  the  flask.  The  loss  of  weight  wiH  indicate  the 
amount  of  carbonic  acid  very  nearly.  It  would  be  more  rigorously  ascertained 
by  fitting  into  the  mouth  of  the  flask  a  tube  containing  chloride  of  calcium, 
and  then  heating  the  solution  to  expel  the  carbonic  acid. 

Every  hundrS  grains  of  carbomc  acid  indicate  the  presence  of  77*24  erains 
of  lime  in  the  state  of  carbonate.  The  weieht  of  lime  in  this  state,  deducted 
firom  the  whole  weight  obtained  as  above  (c),  gives  the  quantity  which  is  in 
combination  with  oOier  organic  acids. 
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15^.  When  the  soil  has  been  washed  with  distilled  water  as  above  directed — 
it  is  to  be  treated  in  the  cold  with  diluted  niuriatic  acid — and  allowed  to  stand 
with  occasional  stirring  for  12  hours.  By  this  means  the  carbonates  of  lime, 
magnesia,  and  iron,  and  the  phosphates  of  lime,  and  alumina,  are  dissolved — 
with  any  lime,  magnesia,  oxide  of  iron,  or  alumina,  which  may  have  been  in 
combination  with  organic  acids.  The  iron,  alumina,  and  pho^horic  acid  are 
to  be  precipitated  by  ammonia,  the  lime  by  oxalate  of  ammonia,  and  such  odier 
steps  taken  as  may  be  necessary,  according  to  the  methods  abeady  described. 

16^.  The  undissolved  portion  may  now  be  treated  with  hot  concentrated 
muriatic,  kept  warm  and  occasionally  stirred  for  two  or  three  hours,  and  the 
solution  afterwards  evaporated  to  dryness.  The  dry  matter  is  then  to  be 
moistened  with  a  few  drops  of  muriauc  acid,  and  subsequently  treated  with 
water.  What  remains  undissolved  is  silica,  which  mtist  be  collected  on  a 
filtjn:  dried,  heated  to  redness,  and  weighed. 

The  solution  may  contain  oxide  of  iron,  alumina,  lime,  magnesia,  potash, 
and  soda.  Any  of  the  four  last  substances,  which  may  be  detected  in  it,  have 
most  probably  existed  in  the  soil,  in  combination  with  silica — ^in  the  state  of 
silicates. 

17^.  But  the  soil  may  still  contain  alumina,  not  soluble  in  hot  muriatic  acid. 
To  ascertain  if  this  be  the  case,  and  to  separate  and  detenmine  this  portion  of 
&e  alumina,  if  present,  either  of  two  methods  may  be  adopted. 

a.  The  residual  soil  may  be  drenched  with  concentrated  sulphuric  acid  and 
heated  for  a  considerable  time  till  the  sulphuric  acid  ii  nearly  all  driven  off. 
On  treating  with  water,  and  adding  ammonia  to  the  filtered  solution,  alumina, 
and  oxide  of  iron,  if  any  have  bMn  present,  will  be  thrown  down.  If  any 
•Inmina  be  thus  separated,  the  treatment  with  8|9||^|^i^]ri^|Bjfi^^^     be  rspeat^ 


^^      Digitized  DyV_A[^tJpiiC 
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eli  till  on  treatb^  with  water  and  ammonia,  as  before,  no  more  alnmina  ap- 
pears. 

b.  Or  that  portion  of  tfio  soil  on  which  hot  mnriatic  aidd  reftieea  to  act  may 
be  mixed  with  twioe  its  weig^  of  eafbonate  of  eoda,  and  heated  in  a  pkdnum 
cnicible  till  the  whole  is  com^leiel^  fused.  The  mass  is  then  to  be  treated  with 
cUluted  muriatic  acid  till  every  thing  soluble  is  taken  up,  the  filtered  solution 
eraporated  to  dryness,  the  dry  mass  moistened  with  muriatic  aeid,  and  again 
tretded  with  water.  If  any  thing  is  left  undissolved  it  wilUw  silica,  and  if  any 
alumina  be  contained  in  tne  solution,  it  will  be  preeipita»d  by  ammonia,  and 
may  be  eoBeeted,  washed,  dried,  and  wei^^ied,  as  already  described.  The  so- 
lution may  also  be  tested  for  mag^nesia,  and  if  any  be  present  it  may  be  sq>a- 
rated  by  tne  process  already  explained. 

The  former  of  these  two  methods  is  to  be  preforred  as  the  simplflr,  thoogh  it 
wiH  fdso  require  considerable  care  and  attention.  That  which  ibe  sulphuric  acid 
leayes  behind  must  be  washed,  dried,  heated  to  redness,  and  weig^ied.  It  will  be 
found  to  consist  chiefly  of  quartz  sand,  and  flnely  divioed  siliceous  matter. 

The  accuracy  and  care  with  which  the  whole  of  these  processes  have  been 
conducted  is  tested  by  adding  together  the  weights  of  the  several  substances 
that  have  been  separately  obtained.  If  this  sum  does  not  differ  more  than  one 
per  cent,  from  the  weight  of  the  soil  employed,  the  results  may  be  considered 
as  deserving  of  con^dence.  One  of  the  powts  in  which  a  banner  is  most 
likely  to  err,  is  in  the  washing  of  the  several  precipitates  he  collects  upon  his 
iiltarsL  As  this  is  a  tedious  operation,  he  is  very  likely  to  wash  them,  at  first, 
only  imperfectly,  and  thus  to  have  an  excess  of  weight  when  his  quantities  are 
adclBd  together—whereas  a  small  loes  is  almost  unavoidable.     The  precipitates 


shoold  cJways  be  washed  with  distilled  water,  and  the  washing  continued  until 
a  drop  of  wnatpasnes  throii^klMiTQa  no  aUin  when  dried  apon  a  bit  of  glass. 


^M<^'fcrM"ii-VWM%r«i 


No.  VI. 

AOnOir  OF  QYTBVU. — (SBepageBSaSSi.) 

In  the  text  I  have  stated  what  appear  to  me  the  most  probable  effects  which 
ffypsam  isfitted  to  produce  upon  the  soil.  Some  of  the  numerous  opinions  that 
have  been  entertained  upon  this  point  are  thus  summed  up  by  Hlubeck : — 

«*  According  to  KoUiur,  the  action  of  gypsum  depends  upon  the  power  pos- 
sessed by  lime  to  form  with  the  oxygen  and  carbon  or  the  atmosphere  compounds 
which  are  flivourable  to  vegetation ;  acoordiDg  to  Ruckeri^  it  acts  Hke  any  other 
food  \  according  to  Mayer  and  Brown^  it  roersly  improves  the  physical  proper- 
ties of  4ie  soil ;  while,  aeoording  to  Reil^  it  is  an  essential  constituent  of  the  plant. 
Bedfung  caUed  gypsum  the  sahva  and  gastric  juice  ofplants  ;  HumboUk^  CHr^ 
Umer,  and  Albert  T%aer  considered  it  as  a  stimulant  by  which  the  cirenlation 
of  plants  is  promoted  ;  and  Cka/ptal  ascribed  its  action  to  a  svqvposed  power  of 
supplying  water  and  carbonic  acid  to  plants.  Davy  regarded  it  as  an  essential 
eenstituent  of  plants,  because  it  aeu  only  where  sypeum  is  wanting  in  the  soil, 
w^le  other  English  agriculturists  have  supposed  it  to  promote  fernientation  in 
the  soiL  Aeeomling  to  Lambender^  it  acts  as  an  excitins  power  without  mixing 
itself  with  tfie  sap  of  the  plant ;  according  to  lAAig^  it  &es  the  ammonia  of  the 
atmosphere ;  and,  according  to  Braamnot  and  Sprengel,  it  supplies  sulphur 
Ibr  the  formation  of  the  Isffumin  of  the  leguorinous  plants  (the  most  profaoble 
yrww)J*^E!nMrung  der  Pftanzen^  p.  70,  note. 

To  the  above  exmet  I  may  add,  Uwt  Mr.  Cutfabart  Jehnaon,  so  long  kasnm 
fbv  hivaMsy  vaUiable  writings  iqpon  agricultwe,  in  fottowine  ont  die  abofre  idea 
of  Reil  and  Davy  in  a  recent  paper  on  the  use  of  g^sumj^oor.  ^of  tlie  Boyn^ 
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Agr.  BMoCy,  it,  p.  108,)  luui  lUied  Chata  crop  of  dofer  or  suniMii  eonlania  1| 
to8  ewt.  of  gvptum  per  acre,  exactly  the  quantity  which  the  foniien  of  Kent  and 


Hampshire  nnd  it  umIiiI  to  apply  to  their  aFaas  lands  every  year.  This 
ment  affords  a  vary  simple  ejqJanaiUm  of  the  use  of  gypsum,  and  one  which 
at  first  sight  leaves  nothing  to  be  desired.  But  it  proves  too  much,  for  it 
supposes  the  wh<^  of  the  gypsum  which  ii  laid  upon  the  grass  or  clover 
fieui  to  be  removed  year  by  year  in  the  crop,  and  makes  no  allowance  either  for 
the  quanti^  which  must  neoessaiilv  be  carried  off  by  the  rains,  or  for  that 
whicn  must  be  sometimes  at  least  laid  on  in  the  form  of  (arm-yard  or  other 
similar  manure.  Nor  does  the  result  of  analysis  confirm  the  above  statement 
as  to  the  quantity  of  gypsum  contained  in  the  crop  of  clover  or  sainfoin.  By 
referring  to  page  290,  it  will  be  seen  that  1000  lbs.  of  dry  hay  do  not  eon- 
tain,  on  on  aveni|^  more  than  4  Iba.  of  sulphuiic  acid— oqual,  supoosing  it  aU 
to  be  Ml  combination  with  lime,  to  8|  lbs.  ot  gypsum.  Or  a  crop  or  1|  tons  of 
hay  contains  the  elemanu  of  about  30  lbs.  or  gypsum— only  about  a  sixth 
part  of  what  is  usually  added  as  a  top-dressing  to  the  land. 


No.  VIL 
auQOBSTiom  vox  mxFmmtmMfm  with  tbm  solvbui  siuca'! 

OF  POTABH  AKD  SODA. 

In  the  text  (pp.  907  and  349,)  I  have  had  frequent  occasions  to  refer  to  thepro- 
sence  in  the  soil  of  the  silicates  of  potash  and  soda,  and  to  their  supposed  action 
in  supplving  silica  to  the  stems  of  the  grasses  and  of  the  com-beaiing  plants. 
It  woula  be  interesting  in  a  theoretical  point  of  view,  to  ascertain^  by  experi- 
ment, more  fully  than  has  hitherto  been  done,  how  far  the  applicauon  of  tnesa 
substJDuices  to  the  growing  crops  would,  as  a  genersl  rule,  improve  or  otherwise 
affect  their  growth.  But  as  those  expoimenti  which  have  already  been  made 
([page  349),  afford  a  stronf^  presumption  in  fhvour  of  their  economical  value, 
it  becomes  a  matter  of  pracucal  interest  also  to  investigate  their  apparent  effects 
upon  each  of  our  cultivated  crops. 

These  experiments  are  plaoect  within  the  reach  of  the  practical  fiomer  during 
the  ensuing  season,  by  the  introduction  of  the  above  compounds  into  the 
market  at  a  reasonable  rate  (psge  363).  I  therefore  subjoin  a  few  sugges- 
tions for  enieriments  with  these  silicate^  in  the  hope  that  some  <^  the  many 
zealous  and  inteliicent  practical  men,  who  are  now  directing  their  attention  to 
the  applications  of  cheniical  science  to  agriculture,  may  be  induced  to  enter 
upon  this  field  of  inquiry  during  the  ensuing  spring. 

I''.  In  order  to  convey  silica  mto  the  plant,  it  appears  to  be  chemically  indif- 
ferent whether  the  silicate  of  potash  or  that  of  soda  be  placed  within  reach  of 
its  roots.  But  as  the  silicate  of  soda  can  be  manufectnred  venr  much  cheiqfMr 
than  that  of  potash,  it  is  desirable  above  all  to  try  the  effects  or  this  compound 
— upon  the  grasses  and  corn-bearing  plants  enecially. 

2°.  But  as  in  the  ashes  of  most  pUuiU  potasn  is  found  in  larger  quantity  than 
soda,  it  is  possibU  that  the  effect  of  the  silicate  of  potash  upon  some  soils  may 
be  so  much  grcater  than  that  of  the  salt  of  soda  as  to  counterbalance  the  di£> 
fiurcnce  of  expense.  Hence  the  propriety  of  extended  trials  with  this  com- 
pound also. 

30  But  ss  in  the  ashes  of  aU  our  culdvated  plants  hoik  poiatk  amd  9oda  ara 
found,  it  majT  be  that  a  mixture  of  the  two  silicates  may  act  better  than  either 
alone.  It  will  be  proper,  therefoie,  to  uiply  such  a  nuxtuie  in  different  pro- 
portions, and  to  comparo  it  efieets  with  those  of  eaoh  of  the  m^mPm  wA 
on  singly. 
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Th«  lint  wriei  of  comparatiTe  eaqperiments,  therefoie,  would  be  ai  foUows : 

The  application  may  be  from  1  cwt.  to  1| 
cwL  per  acre,  laid  on  as  a  top-diesaing  in 
moist  weather  early  in  the  spring.  Or  it 
may  be  mixed  with  a  large  quantity  of  wa- 
ter, and  applied  with  a  watei^cart    In  either 


flOlesteof 
Potash. 


iiBiUcateof 
Potash, 

xmnemoc 


JI^Billeateor 

Potash, 
HMlcateof 


NptUitf. 


caae  it  ought  to  be  in  the  state  of  a  fine  powder. 

Bat  although  the  ^eve  ojipUcationa  produce  a  bene- 
ficial efBtet  upon  the  erops,  it  will  not  neceeaarUv  IbUow 
that  the  silica,  whkh  the  siUcates  contain,  hat  had  aay 
ahai«  in  bringiiig  about  the  good  result.  Bymereezpo- 
to  the  air  fbr  a  length  of  time  the  potash  or  floda  of  those  ailieatea  will  abaoib 
eaHlM>nie  aeid  firom  tlM  atmospheie^  and  be  oooveited  into  caibonates,  Tho 
nme  will  take  place  moie  rapialy  still  in  the  soil,  where  carbonic  acid  abouada 
TU*  eoBfwtion  of  the  alkali  into  caxbonate  will  set  fine  a  laige  part  of  tho 
■iUc»-*>in  a  state  it  is  inie  in  which  it  is  in  some  degne  soluble  in  water  (pa^e 
906,V-4>ut  in  whton,  nevertheless,  it  will  find  its  way  into  the  plant  with 
mncn  moie  diAculty  than  if  it  had  remained  in  the  state  of  a  aoluUe  silicate. 

Mow  as  the  car^maUs  <ff  potash  and  soda  an  known  to  promote  teg^lation 
(pago  388),— though  even  with  these,  sufficient  trials  hairo  not  yet  been  mad^ 
-^t  is  possible,  as  I  hsnre  renuvked  abore,  that  a  sood  effea  may  follow  the 
i^plicaUon  of  the  silicates,  and  yet  it  may  be  alto^^elher  duo  to  the  action  of  the 
carbonates  which  are  formed  by  their  decompoaiuon.  It  is  of  consequence  to 
ascertain  if  this  reallr  be  the  case,  because  the  quantity  of  carbonates  which 
would  be  formed  by  tne  decomposition  of  the  silicates  could  be  laid  on  directly 
at  oBo4iaif  of  theprice  at  whicn  the  silicatea  can  as  yet  be  sold. 

The  second  senes  of  comparatiye  experiments,  thenfon,  which  it  would  bo 
hMerestifig  to  tiy,  would  be  sneh  a«  the  following:— 

The  quantities  hen  indicated  an  bv  the  acre  that 
of  caibonaie  of  ooda  is  given  so  ^reoft,  oeoauae  this  salt 
contains  upwards  of  three-fifths  its  woi|riit  of  water  (seo 
p.  216.) 

Another  oonsidemtion  ought  not  hen  U>  be  omitted. 
Naton,  as  has  been  fimquently  illustrated  in  the  text, 
foeds  her  plants  with  a  miztare  of  many  diflbrent  sub- 
stanoea.  and  by  the  aid  of  such  mixtures  they  always 
thrive  the  best  The  full  benefit  of  the  silieates,  when 
applied  alone,  will  be  experienced  only  when  erery  oth- 
er iofl^ndient  which  the  pumt  requires  is  already  present  in  the  soil,  and  in  su£> 
fident  ahuadanos.  But  this  can  rarely  be  the  case.  lu  success  will  be  mon 
sure,  therefore,  if  it  be  applied  in  a  stale  of  mixture  with  other  saline  substances 
which  fwe  known  to  be  mon  or  less  useful  to  Tcgetation,  and  which  will  not, 
upon  admlxtun,  decompose  these  silicates.  Such  an  common  salt  and  the 
sulphate  and  nitnte  of  soda. 

A  third  series  of  comparative  experiments,  therefon,  mi^ht  be  made,  m  which 
finom  1  to  1|  cwt  per  aen  of  the  following  miztuns  mieht  be  appUed: — 1^. 
Equal  weights  of  common  salt,  of  dry  sulphate  of  soda,  of  nitrate  or  soda^  and 
of  silicate  of  potash  f  ^,  Equal  wei^ts  of  the  same  substances,  omitting  the 
silicate  of  potash ;  3^.  Equal  weights  of  common  sah.  of  dry  sulphate  of  soda, 
of  nitrate  of  potash,  and  or  silicate  of  sodat  and  4^.  Equal  weights  of  the  same 
substances,  omitting  the  silicate  of  soda,  or  substituting  carbonate  of  soda  in 
its  stead. 

The  mlphale  of  magnesia  (E^Mom  salts)  or  of  lime  j[gypsum)  can  not  be 
ufely  usea  Along  with  the  sUicates,  as  the  majenesia  or  lime  they  contain  mav 
docompose  the  silicates— forming  su^hate  of  potash  or  soda  and  silicate  or 
magnesia  or  lime,  in  which  the  smca  ia  insoluble,  and  could  not,  therefon,  until 
Q^fmlm  ebmuGAl  chwigio  took  place,  find  its  w^y  into  the  roots  of  the  plant 

uigmzeu  Dy  x-jvy^/'i  IV. 


flffictteof 
Polasb, 
I  cwt. 

Crude 
Potash  or 

fliUcateof 

Soda, 
1  CWL 

Cnriialllsed 
Carbonate 
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I  hare  much  gjatification  in  layine  before  my  readers  the  retulta  of  a  seeond 
year's  series  of  ezperimenu  undertaiken  in  consec^aenee  of  suggestions  thrown 
out  in  prerious  parts  of  this  Appendix,  or  of  opimons  expreswd  in  the  body  of 
the  work.  It  is  one  of  the  numerous  good  resiutt  which  have  followed  from  the 
issue  of  these  Lectures  in  a  periodical  form  that  I  have  the  pleasure  of  inc<Nrp»- 
rating  in  the  same  volume  the  results  of  experiments  made  during  two  socoea- 
sivs  years.  No  one  who  studies  with  care  the  experiments  which  follow,  and 
the  fbw  remarks  I  have  appended  to  themj  will  hesitate  in  pronouncing  them  to 
bo  as  a  whole  the  most  valuable  contribuuons  to  accurate  ezperimentid  agricul- 
ture ever  hitherto  published.  The  resulu  are  not  all  equally  important,  nor  all 
actually  instructive,  but  they  are  the  first  fruits  of  a  new  line  of  research,  which 
will  Had  us  hereafter  to  the  diseoverv  of  important  general  truths.  Thej  thow 
tliat  practical  men  are  now  on  the  richt  road,  and-— spreading  as  scientific  know- 
ledge now  is  among  the  agricultural  body — I  tnist  tnero  is  no  fear  of  their  hors- 
aftflr  heiag  pieventra  from  pursuing  it 


I. 


A.— EXPERIMENTS  ON  TURNIPS. 
The  first  series  of  experiments  was  made  with  the  view  of  obCainkig  a&- 


•wers  to  these  two  questions : 

1^.   What  are  tAe  rdcUive  ejfects  of  diJpsreiU  saUne  MbsUtnces  u^ 

under  the  iomi  ciraimstauces  7  and 
9**.  Hfwfar  mav  t/ktt  tuUUmees  be  emfloyed alone  to  nfenedt  farm^ford  momtn 

tf»  M#  cwiwre  ofturmpt  ? 

Tamips  frown  Id  Salter's  Bon.— Field  Airrow-dratoed  sod  tubsoll  ptoaghed.  Maoam  ap- 
plied partlj  In  drlRa  before  sewtnc  on  let  Jone,  and  partly  aa  top-draasinf  oo  2ath  Johi, 
1813.  The  aalt  and  nltnte  ef  aodateat appUed were diaaolved  In  water ;  the  others appHad 
diy.    I^equemtitjfo/kmdineackpUiwatom'tkirUemlhqfamocre, 


No. 


1 
2 

3| 

6* 

6' 
7* 

8* 

9" 
10 

II     Be 


Deserlpdonof 


latJiiDe.{2BtbJal7  Total. 


Notbtaff 

Common  Salt..... 
Common  Salt..... 

Rape-dust 

Nitrate  of  Soda.  . 
NlTffli^^of  Soda... 

R.ifif.'^iiel 

Nirni%?of  Soda... 
Biiif^KriEBofSoda.. 
SiikFij^j^ieorSoda. . 

siJtpiiAreofer 

R.i(i4:-iiijat. 
R:N]M-'..liiat. 
Git  lino  .... 


Manure  applied. 


Iba. 


2 

8 
8 

67 
67 
8 


H 


Iba. 


-J 

6 

6 

^^ 

67 
9 


1 


Prodoee 
weiffht 
ofbulba. 


Iba. 
67S 

i 

17 
both. 
2» 


ata.  Iba. 

43  11 

23  0 

06  10 

86  6 

46  8 

36  la 

S9  7 

39  12 

46  3 

61  6 

9  9 


The  rest  of  the  field, 
t>«m  with  iaim-jaid 
lanure,  was  a  Ur  ave- 
rage erob.  IVmo  expe* 
rtmented  upon  were 
— plete  fiUlore,  owl 

fy,  DO  doubC,  to  Me 
teven  drought  qftke  aea> 
bat  chleflj  to   " 


want  of  fann^yaid  dwif . 
The  aeeda  brmixded  bad- 
ly,  and  the  drlUa 
blanky  threof  hoot  Ft 
of  the  plants  reached  any 
8lEe»  and  the  beat  or  them 
were  Inferior  to  the  planti 
immedialely  adjolninf— 
sown  at  the  same  time,  A 
similarly  treated,  except 
aa  respects  the  manuring. 


The  foregoing  experimenU  were  made  at  the  suggestion  of  Loid  Blantyre  on 
the  home  farm,  at  Lennox  Love,  near  Haddington,  and  have  been  reported  to 
me,  at  his  Lordship's  request,  by  Mr.  William  Goodlet,  under  whose  immedi> 
diate  superintendence  the  whole  were  conducted. 

The  reader  will  not  suppose,  because  they  proved  what  an  oommoidy  caHad 

uigmzeu  oy  >^j  vy  v^-x  i\^ 


No,  VTIJ.]  BXPiaiMBNTt  OH  TVRNIPt.  It 

failures^  that  therefore  they  are  of  no  value.  On  the  contrary,  they  so  far  tatia- 
&ctorilY  answer  the  qnesuons  they  were  intended  to  solve.    They  show 

1^.  That  saline  manures  in  that  locality  cannot  economically  take  the  place 
of  fiimi^ard  manure,  even  for  a  single  season. 

2*^.  That  saline  manures  are  even  hurtful  in  the  present  condition  of  the  land, 
when  employed  alone — producing^  a  smaller  crop  than  if  no  manure  had  been 
applied  at  all,  and  some  of  them  m  a  remarkable  degree.  This  appears  to  be 
especially  the  case  with  common  salt,  which  at  the  rate  of  1  cwt.  an  acre  reduced 
the  crop  of  bulbs  nearly  to  one-half  of  what  was  yielded  by  the  unmanured  por- 
tion of  the  field.  It  is  still  more  striking  that  nitrate  of  soda  applied  at  the  same 
rate  should  diminish  the  crop  though  in  a  less  degree  than  common  salt — and 
that  soot  should  almost  kill  it  entirely,  and  that  15  cwt.  of  rape-dust  per  acre 
should  produce  scarcely  any  effect.  In  regard  to  guano,  it  was* applied  in  too 
small  quantity  to  do  all  the  good  of  which  it  was  capable  had  it  oeen  laid  on 
more  largely.  If  6  or  8  cwt.  instead  of  1|  cwt  per  acre  had  been  used,  the  crop 
would  probably  have  equalled  that  obtained  by  the  use  of  fnrm-yard  manure. 

There  is  no  doubt  that  to  the  extreme  drought  of  the  season,  as  Mr.  Gtoodlet 
observes,  must  be  ascribed  the  injury  or  actuu  lessening  of  the  crop,  in  this  case, 
by  the  use  of  saline  manures.  The  drought  brings  up  the  saline  matters  to  the 
sor&ce,  and  thus  enables  it  to  encrust,  and  weaken,  or  entirely  kill,  the  growine 
plants.  The  want  of  rain  in  1842  was  much  more  felt  in  the  Eastern  part  of 
Scotland  than  in  the  West,  where  the  greater  pari  of  the  succeeding  ejcpsri- 
meats  were  made,  and  where  occasional  showers  refreshed  the  land. 

One  other  observation  I  may  make.  Had  the  saline  matters  been  mixed 
with  a  fidr  proportion  of  farm-yard  manure,  it  is  probable  diat  even  on  this  field 
the  efft^ts  would  have  been  very  different.  One  reason  for  this  expectation  is, 
that  the  plants  being  kept  in  a  rapidly  growing  state — partly  use  up,  and  even 
eagerly  appropriate,  a  large  portion  Of  the  saline  matter  as  it  rises  to  the  sur&ce 
—and  by  their  stren^  are  enabled  to  resist  the  injurious  action  of  any  excess, 
which  in  ordinary  circumstances  is  likely  to  remain.  The  reader,  howeveri 
will  not  ask  why  the  experiments  were  not  so  made— for  he  has  already  seen 
that  their  object  was  to  ascertain  the  effect  of  saline  manures  applied  aione. 
From  their  results,  however,  he  will  draw  for  himself  the  important  practical 
rule,  that  in  ordinary  circumstances  U  is  unsafe  to  trust  his  turnip  crop  to  saline 
VLomuros  a/ffne^-— thai  they  may  assist  the  action  of  fiurm-yard  or  other  similar 
mixed  manures,  but  cannot  supply  their  place.  But  upon  this  point  the  suo- 
ceeding  series  of  experiments  throw  mueh  further  light 

IL  The  special  object  of  the  following  four  series  of  experiments  was  to  as- 


1^.  The  rdative  effects  chiefy  of  various  mixed  mamures  upon  setferal  varietiet 
of  turnips !  and 

8^.  WhetAer  anif  of  these  mizture$  could  aione  be  economi£aUy  used  to  supersede 
farm-yard  manure. 

They  were  made  at  the  home-farm  at  Barochan,  near  Paisley,  under  the 
diteeiion'  and  superintendence  of  Mr.  Fleming,  whose  excellent  experiments, 
made  in  1841,  are  recorded  in  a  previous  part  of  this  Appendix  (vp.  17  to  34). 
Mr.  Fleming  describes  himself  as  much  indebted  to  his  overseer,  Mr.  G^ardiner, 
without  the  aid  of  whose  zeal,  intelligence,  and  careful  superintendence,  so 
numerous  a  body  of  experiments  could  neither  have  been  made,  nor  the  resulu 
accurately  ascertained, 

!<'.  Oompcmtive  Experiments  with  Tarfoas  mbstances  used  ss  manures^  for  growing 
Swedi'ah  7\nnit0 :  teed  lown  0th  Jiue,  bulbs  lifted  26th  Nov.,  ]8tt2. 
EsMAUcs.— The  land  Is  a  light  loam,  loose  In  textare,  and  of  a  light  brown  eokwr.  Bab- 
son  hard,  and  AiU  of  amall  atones :  it  Is  of  as  neariy  as  possibto  the  same  qualitj.  The  fur* 
nip  seed  was  all  sown  opon  the  aame  day.  Rain  came  on  the  night  aft«r  sowfnc,  and  In 
eopseqiieoee  the  crops  brairded  welL  and  came  away  stnHiff.  Those  which  show  me  great- 
est weight  In  the  Table  kept  the  lead  of  the  others  all  the  season.  The  nnofibera  of  the 
'  I  in  the  Table  are  placed  in  the  order  in  which  they  followed  eaeh  other  on  the  ground, 
crop  wookl  probdbly  have  been  tantger  had  there  been  more  rain.  -^  ^^5  ^^ 


pkile 

Thei 


MX9Bmmxrn  on  tubnim. 


No. 


4 

7 

8 

» 
10 
U 
IS 
13 

"1 

16 

17 
18 
19 

ao 

81 
8S 


PevtaadNli^ioB,  niUed.. 

OjrpMMK • 

OiriMNMlaofLtaM. 


OECHAKD  FQSLD. 
DeKrtpliOB»r 


UttlplMle 

QnlekUDM 

Soot  .... 

Bulphw 

Imiiaiftoii  of  baniol't  mizmn . . 

Wood  Charcoal  Powder. . . . , 

Presh  Animal  Chweoal..... 

ExhMMlod  AnJinal  Cbareoal 

T«nibaU'a  HumM 

Booea  diaa.  la  Morlallc  Acid. .. 
Baroehan  Artificial  Guano, 
TimlNiU'a     do.        do.  . 


SaU  «Bd  QuIckUae,  nixedi > 

8  montba  old. S 

Boot 

P^taah  and  Lima  mlsad,  14  ) 


Qolck-Ume  .. 
Wood-aabaa. , 
Bonedoat... 


WooOao  Baia... 
iPann-Tard  dune., 
iNothing ■ 


trnperiil 
Acre. 


SQtona. 

SemL 
aObiMb. 

IcwL 
aoiMiah. 

611)0. 
fiObuah. 
60  both. 

10  OWL 

10  cwt 
eOboab. 
10  cwt 
3  cwt 
Sowt 
Sowt 


BO 

eOboah. 

OOboafa. 

40b<Mb. 
lloa 
Itoo. 

aotooa. 


ofBoIba,  Bulba,  top 


Iba. 
4800 
4060 


«M0 


4800 

eaoo 

4960 
40t» 
6660 


4480 

4100 

3200 
3600 

4160 
4000 

3980 
6000 
8440 


tona.  cwt  qn. 
17     2     8 
14    11     2 
16    11     S 

16     8     2 


14  13     1 

16  14     1 

16  2  8 
21  2  ft 
19  17     1 

17  2     a 

18  11 
17  14 
14  U 
23  8 


16  8 

16  0 

18  M 

11  8 

12  17 
14  17 
14  6 

14  0 

18  XI 

n  6 


^  a.  d. 

6  12  O 

0  12  8 

0  3  0 

1  12  § 


0  2 

0  15 
2  10 
2  10 
2  0 
2  10 
8  0 

1  M 
1  4 
8  18 

8  U 

1  0 

1  17 

0  9 


0 
O 
0 
0 
0 
0 
0 
0 
0 

9 

0 

6 

9 
1  8  0 
8    10    10 

8  10     0 

9  9     0 
10   «     0 


2^.  ReanlliofBxpeirlmenta  wtthnuloaa  Sabaiancea  tiaed 
LtMnotl  Tflttw  TWwiiM,  aown  6th  Jona,  and  HlladBd  P- 


r,18IB. 


No. 


BERRIB  KNOWBS  FHBLD. 


QoanUtyof 

Muiuraaiv 

pUedpertm- 

^  '^Acta. 


pUedperta 
periai  Aei 


CioaiperAere» 

hiciodlog 


of 

BiiIba,lopp«d 
andiaflad.]Mr 


Natural  Ooano  at  96a. 

Wood*aahea 

Barocban  Arttiolal  Gkiano.. 


Bapo-duat . 

TaraboU'a  AAMcial  Guano.. 


14. 


Sou  aunjple... 

TttmbalTa  HnmiM 

Bono-duat «.. 

PotMh  ft  Ltano  mfaced,  M  i 
Salt  *  Ubm  mlaad.  8  BM. 
BtttplMM  of  HafnaaU.  • . «« 
Bulpbata  of  Ammonia. «... 

NItntaof  Soda 

Solphata  of  Ammonia. . . .. 

Wood-a^aa 

NltniaofSoda 

BulphamafMafnaala 

Wood-aahea. 


6  cwt 
gObodi. 

6  cwt 
98baah. 
16  cwt 

6  cwt 
29budi. 

fiOboah. 
801 


60fe 

Icwt 
Icwt. 
lewt 

86  Iba. 

40baab. 

66  Iba. 


SalpbataofBlunai 
Lima  and  Potaah.., 

TumbnU'a  Avtifidal  (   

Baroehan  Artiflclal  Ouano. . 
PeU  itfipto^. . .., , 


401 

84  Iba. 

40  lbs. 

80bttab. 
6ewt 
8  cwt 


82  2  2 


21  2 

21  11 

18  6 

11  8 

18  14 

17  2 
H  6 

18  17 
14  17 
24  11 
27  2 

20  17 


U  U  S 


16  14  1 

21  4  I 

21  2  1 

If  17  I 


^^.v 


Mil  Fttt]  taanmaoHtt  ur 

ft»ga«CT.-41ig  MM  fei  a  Milifr  teael  team  liMQmbenC  vpon  iMd-itiiM  nek.  ft  wu 
MMiulMnl  wllh  thAmde,  In  Ch*  tpriac  of  184B,o«l  of  poture  gmi!,  to  the  deplb  of  16  hicbn, 
•nd  the  roek  quazned  oat  when  It  came  nearer  the  aorfaee  thaa  that  depth.  It  was  afain 
poiiited  overtolbreaonliic,  after  whleb  the  drtlla  were  made  apoD  the  fiat  stirniee  with  the 
bo6,atthedlrtaAee«f  Vtawliea  becween  ttiem,  tke  mmunmnmmby  tk§  hand,  and  co- 
veredapi  the  seed  aowA  and  rolled  In.  The  weather  waa  veiy  dnr  at  tho  Ume  they  were 
aown,aiid  eondoaed  ao  tOlahoot  the  90lh  Jme.  accompanied  with  eaat  wlnda  and  bright 
amaWM.  Thof  htainled  modenlely  wefi,  and  moat  of  them  came  away  atroQg  and 
heakhy.    b  enmlntar  them,  ood  to  the  wortdBf  them,  which  waa  done  by  Ihe  hand-hoe, 


MUdUwofhMt.  Mo^ll 
waifU.  lfo.7had?eo 
pkUfTren  In  the  Tdrfe 


TheBwroc*— JrlMirfiK 
Bonaa  dtemhmdin  kKuc 
(%av«oal  powdea. 


,UHi«Mi  uMuu  x«w«  Mm  owt  w«r*  rcmurm 

I  laner  In  also  both  of  bolba  and  leavea,  biit  lO 
A  aoLd  bidba,  aa  had  alao  Mot.  2  and  4.    Tha  nit 
Indicate  the  order  In  which  they  were  grown  in  tha  field, 
of 


fiUtawlChrpimtt, 


NllnM.r  Bote. „....: 

Wnlphata  of llBgnnahi  j  «■«»••-»• 

ttewtlqi.»tta. 


iP.B 

atCrook8,18«8. 

onthaFtum 

i 

Snt#nf 

BowlQg. 

par  Scotch 
acre. 

tha  laod  aawn»  par  flcoteb  aei>a« 

perflcoteh 
acre. 

Uada 

of 
tenip. 

Value 
of  ma- 
nures 
applied. 

1 

2 
S 

4 

6 

0 

7 
8 

May  2a 
Mayaoi 

lone  11. 

IomUk 

^«iel7. 

JonaSB. 
Jaly4. 

A. 

Rapa^HotBowt,  Huawa&bwbals, 
floncHliiat  12  buahela,  Feet  a^ea  iS 
carta  «....• ■ 

22 

91 

ai 

19 
20 
19 

Swadea. 
* 
Do. 

Yellow. 

Do. 

Do. 

gS: 

White. 

J6.    a. 

4    10 

4    10 

10    16 

10     0 

8     6 

2    10 
4     2 

6    12 

Rape-doat  5cwt.,  Bonea  lObnaheJa, 
ffamiia26ba8h.,  Aahea  »  carta. .. . 

_  Bonea  14  baab.at&  6d 

iPkrm-yard  doag  26  tona  at  7s.,  Bonea 
10biiSb.at2a.6d 

Natural   Guano   1  cwt,  Bomua  40 
buahela 

Bumoa67baab.,  Bonea lOboab 

Artificial  Ouano  mix.,  (No.  IL,  p.  60.: 

.—Ma.  L  Sou  aatiffloam,  moist,  and  hi  good  order 
wall,aad  caaaa  away  at  once. 
..Jin  iitfherlightar  than  the  lenBer;aaedbnirded  wall,  and  came  away 
Bott  tha  aaiMaa  above  ;bndrdcd  quickly  taiconaequsncaof  a  ahowar  of  nln. 
floU  lighter  than  Noi  St  a  bad  braiid,  and  tunipa  kmgof  aprhigtaig  Ibr  want  of  laki 
■oil  aa  above ;  kmf  of  braiidiog  in  conaeqnenae  of  want  of  ndn. 
Bon  aa  above;  and  UkeMo.  6,  attU  vary  di7  for  want  of  mhi;  alate  bnird. 


ftbralrdad 
lio.9»  ~ 
Mo.  a. 
Mo.  4. 
M0.61 

MO.  /• 
1I0.& 

temher;  udwhen  eheckedliy  fltoat  tai  the 


Boll  Ughler,  mixed  with  peat;  00  ndn-4iad  bralnL 

Bott  heavy  eky  bam;  no  laln,  and  a  bad  braird. 

so  latter,  ikem  drou^  andlate  aowin^dM  not  newmneh 


aowing.  dM  not  grow 
he  beiimkig  of  Nova 


I  tin  the  end  of  Bep- 


Isad  waa  of  diflbrent  qnalltiea,  the  seed  alao  aown  at  dttterent  timea,  and  In 
atatea  of  the  atmoaphere,  with  reapect  to  moMara,  yet  the  «ven«e  produce 
I  andaltho««hitiaimteeaylosay  v^h  of  the  aitiflctaa  manivee,  under  soch 
mcee,  waa  actnaUy  the  beat,  the  general  reaok  abowa  thatany  of  theae  uaed  will 
on  my  land  a  good  average  crop  of  turnips,  and  at  a  lew  expenae  than  (ann-yard 
and  tenda  to  eonflnn  the  correctneM  of  various  experiments  tried  by  me  on  a 
u  The msaauwasants  havk«beea  made  by  tbeBcoteh chain,  1  haw nccal- 
.„    Mo.  8  would  pvobahfybaaa  bean  the  best  tnndpsyhsd  they  been  sown  andlai^ 

1  aaSHUQ  Oy  a  mH  or  lam.  uigmzeuuy 'v_jvy\^>'':ii\^ 


BUBWitfim  ON  rmaavs 


49.  UmakBvfMMptKlmmta  triih  dUhraiC  mixad  maaarM.  ia  t 

Npt,  <w  nMr  irmclMdlaiid,  BaekkttMr  naU.   0own  laihAilj,  aod  i 


WkileGhb97>tr. 
ih  I>6eeari»ar, 


DMCf^pCioii  orKainira  QMd. 


1  Tiinibiill*t  Bumm 

2  Taraboll's  linpixiTad  Boom  , 
2  Baiochftn  urtincial  Gotao.. . . 
4lNaaiimI  Goano 


Quaotitj 
par 


60badk. 
6cwt 
6cwt 
6ewt 


Prica  of 


Acra. 


Wdf  hi  in  Weigbt 

lokparjal 
poaodapr. 
J^thAara. 


£.  a.  d. 
8     0    0 

1  10   0 

2  10   0 
6     6   0 


Tooa,  Ac.) 
parimpa.: 
rial  Acra.; 


Iba. 
60G0 
4900 
6900 

9170 


tooa.  ewt 
21      6 
17    10 
23    10 
30    16 


Tha  Naciinl  Ooaoo  waaparchaaad  Decamber,  18U,  whan  tba  prtea  waa  £26  par  ion.    b 
aaa  aow  ba  had  for  iB12. 

RBKABKa.— Tha  land  waa  trenched  18  inchaa  daep,  and  eomplalalf  dnrinad  at  tha  dia- 
ttnee  of  18  faet,  with  Ule  dnOna  laid  30  Inchaa  daap,  In  Fab.  18I2L  Provioua  to  thia  It  waa  In 
a  wet,  aonr  atata.  It  waa  afrin  potatad  ovar  with  the  apade,aad  tha  dffUa mada  fin* iha 
mannrea  with  tha  hoe  open  tba  laval  aorftaa.  The  manoraa  ware  than  aown  in  tha  boCtoa 
of  Om  dfflla  wkh  tha  hand,  and  a  liitla  earth  bataw  put  over  tbaaa,  the  aead  waa  aown, 
covered,  and  rolled.  The  weather  had  bean  dry  for  aoma  time  before  aowiair,  Imt  ral* 
came  on  that  day,  ibay  bialrdad  qnlaklj,  and  continued  to  grow  till  lifted— tha  field  baing 
well  ahetterad.  The  tope  of  If  oa.  2, 3,  and  4  were  of  a  dark  green  coloor.  and  remarkably 
luxuriant,  manT  of  the  bulba  walcblng  firom  6  to  aiba.  Mo.  1  waa  of  a  Jightcr  graan^bot 
airong  and  haalthy.  and  many  of  tna  bolba  of  Ihia  tot  ware  6  and  6  Iba^ 
'"  ~i  ware  finely  ahaped. 


jaonlho 


bolbaof 


III.  The  obiect  of  the  two  Ibllowiog  series  of  experimeats  was  the  same  as  in 
those  of  Mr.  Fleminf  . 

1^.  ResulU  of  comporatiTe  eiperiments  upon  Swedet  and  aiker  7\rmm 
on  the  home  fiunn  of  Mr.  Alexander,  of  Soutbbar,  near  Paisley,  in  lOA 

The  soil  of  the  field  was  a  deep  loam,  with  a  slight  admizturs  of  peat — the 
subsoil  was  partly  a  %ht  clay  and  uartly  a  sand^  gravel.  It  wbjb  thorotigfaly 
tUa-dnuned  and  subsoiled  to  the  depUi  of  fourteen  mcbes. 


No. 

KindofSCanurea. 

Quantity 

per 

imperial 

Acre. 

Ooatpar 

Produce  , 
in  bnOM 
par  Imp. 
Acni. 

h 

Bwsi>BS,«oiMi8rAilfi9. 
Bona-doat. .T!^ 

32bnah. 
16baah. 
12  tona 
32iona 

3|ewt. 
2cwt. 
Stone. 

£.  a. 

4    8 

(68 

'll    4 

3  10 

|4« 

24  tooa. 
Stoas. 
30|iona. 

20  tone. 
2(tona. 

Bonaa 

Aah-dung 

Fami'Vard  dnng 

Ouano 

Mr.  Alexander  adda,  I  mnat  here  nottoa  parUoulartT  the  reautt  of  the  laat  two  aiqperi- 
menta.  The  aeed  aown  waa  a  mlztnre  of  yettow  and  white,  and  the  period  of  aowinf  aa 
lata  aa  the  lOth  July.  Tha  weather  at  the  time  baina  faTooimMa,  they  bnOrdad  quickly, 
grew  with  great  vigour,  and  when  all  the  other  tnmlpa  in  the  field  became  allbcted  wioi 
mildew  they  atood  aa  green  aa  aver.  Thia  (vis.,  the  non^mlldewing)  I  aUribnte  greatly  to 
the  aoano,  aa  well  aa  to  the  late  eowlog,  never  before  havlnff  aeen  anoli  a  weiaht  of  tumipa 
produced,  aown  ao  lata  in  the  aeaaon.  1  applied  other  arUfici^  manurea  on  both  of  theaa 
aelda  with  a  doe  proportion  of  dunic,  varying  the  qoantitiea  and  modee  of  appttcaUon,  aa  ap- 
peared to  ma  beat  to  teat  their  qualUiaa,  but  aa  the  comparative  aflbet  iaao  diflleoli  lo  decide 
upon,  I  can  only  here  obaerve,  with  any  ceiiainty,  that  thoogh  the  tumipa  brairded  quicker 
when  the  dung  waa  aaaiated  with  theae  manurea,  p€KrtieuUvfy  vthen  TWntedPa  kmmm  m 
qpptfed,  the  cropa  afterwarda  did  not  appear  to  me  to  be  materially  aided. 

S^.  Result  of  experimenu  upon  Yettow  TVmipt  made  by  Mr.  Alexander,  of 
Southbar,  at  Wellwood  Farm,  Muirkirk,  Ayrshire,  1843. 

The  nature  of  the  soil  on  which  the  experiments  were  made  was  reclaimed  moss 
(then  about  2  feet  deep),  having  a  clayey  subsoil,  but  which  had  been  thorouefaly 
1  with  tiles  at  fifteen  ftfltapeit.    The  field  had  prothiced  white  and^y 


SXFUttUEMtO  OH  tUBNIPi. 


4n 


A  rm.] 

crop6)  but,  tmtu  as  known,  had  never  been  pievioualy  gnen-cBOfiped.  Tke  whob 
of  It  reoeiYed  the  same  labour,  pieparatonr  to  sowjng ,  and  the  wciuher  daring  the 
opeiation  r<which  lasted  four  days)  was  the  aame^  thus  giving  to  eadi  experiment 
an  e(]cial  cliance.  The  period  ofsowing  waa  from  the  l!kh  to  19th  of  May ;  the 
tornip  seed  used  waa  Skirving's  improved  purple-topped  yellow ;  the  dung  used 
was  tne  produce  of  the  fiurm,  and,  with  the  exception  of  the  fbreicn  guano,  all  the 
other  manures  applied  were  those  manufactured  and  sold  by  Idr.  Tumbull,  of 
Glasgow.    T%e  extent  rf  ground  far  eadkexperimerU  wot  imeacrefSaitthm^ 


No. 

XkidofliKBora. 

Quantity 

per 
isaperial 
Acre. 

Goat  of 
Manure 
perisBM- 
Hal  Acre. 

Pkodnce 
InBolbs 

^^Am. 

Cost  for 
BCaonre 
per  ton. 

1 
2 

4 

6 
6 

Fsfm-yaidDoiit.... 

Homos 

Farm-yard  Dong. . . . 
HOBHOS' 

Farm-jard  Dang. . . . 

nm-yardDonf.... 

AfOBcislGaano..... 

Ardllcial  Ooaoo 

Suaoo 

12  tons. 

2cwL 
12  tons. 

Ifcwt 

ll    " 
12  tons. 

Sj^ewt 
12  tons. 
90  lbs. 
90  •♦ 
90  « 
46" 

8|cwt. 

£.  s.   d. 
4  4  o; 
0    8    0 
4    4    0) 
0    7    of 
0    6    oS 
4    4    0 
0  16    OS 
4    4    0^ 
0    8    9 
0    4  10 
0   6    6 

0  8    oj 

1  8    0 
8,6    0 

28  Ions. 
94    « 
20    " 

16    •• 

a  d. 
8      8| 

4       1 

4     U| 

i  i 

IV.  Egea  of  Ofpsum  on  the  Th4rmp  Crop. 

In  1841,  Mr.  Burnet  of  Gadgirth,  near  Ayr^  applied  a  top-dressing  of  g3rpeum 
to  part  of  a  field  of  turnips,  and  found  tAat  U  nearly  doubled  the  crop. 
'  Ukl843.  Mr.  Campbell,  of  Craigie,  in  the  same  neighbourhood,  *<  dressed  a 
six  acre  neld,  with  the  exception  of  a  lew  rows,  with  two  ewt  of  unburned 
gypsum  per  acre.  The  crop  over  the  whole  was  excellent,  but  there  was  no 
perceptible  difference  between  the  dressed  and  the  undressed  port? 

How  are  these  discordant  results  to  be  reconciled  1  The  following  questions 
soggest  themselves  as  worthy  of  investigation — 

1  ^.  li  gypeum  really  propitious  to  the  turnip  crop^ — and  to  every  variety  aUke  ? 

V*.  Are  ttie  unlike  results  above  obtained  to  be  ascribed  to  the  abundant  pre- 
sence, in  the  one  ease,  of  gypsum  in  the  soil,  or  in  the  manure  plou^eo  in, 
and  its  absence  in  the  other— or  to  the  variety  of  tnmip  cultivated  1 — or 

3^.  Can  the  sea^pray  si:qf>ply  gypsum  to  Mr.  Campbell's  estate,  which  is 
within  two  miles  of  tne  coast,  whOe  it  is  less  bountiAu  to  that  of  Mr.  Bumet, 
whieh  is  six  miles  inland  1 


B.— EXPERIMENTS  ON  POTATOES. 

I.  Results  obtained  by  Mr.  Campbell,  of  Craigie. 

Four  equal  drills  of  potatoes  were  treated  as  follows: — 
1^.  Quano,  3  cwt  per  aCre  produce  5  pecks. 

90.  Farm-yard  dung,  40  cubic  yards  per  acre  .  produce  6    do. 

3^.  Do.,  top^ssedafierwards  with  oO  lbs.  of  nitrate  of  soda,  produce  6    do. 
4^.  Do.,  top-dressed  with  160  lbs.  sulphate  and  nitrate,  mixed,  produce  6    do. 

*  ISnnbuIPe  Ewima  Is  foimsd  firom  mine  sad  nigbt-soQ  mixed  wllb  gjpvun  and  chsr- 
eoel  sad  then  dried. 

TSmtbuiPe  prepared  Bonee  are  bones  and  flesh  dlswived  In  mnriatic  add,  and  mlied 
with  i^NMiC  an  equal  quantity  or  charcoal  In  powder. 

TWiOmIPs  ilft(^Mal  (TMom  Is,  I  believe,  nrepand  boees,  vrtth  a  Ultto 


a  j^rs{te«d  from  urlDs,  sad  dried  1 


y  Google 


0f  nfWMimmim  mi  tosvifb.  [I^jfpimdiae^ 

TiM  abof*  fMrtt  b  flttounMe  C»  goand,  cqmHeriilg  dnrt  ietrti  cpptted  in 
Meh  HMiU  ooandtf ;  but  wW  did  the  nluto  manuras  pifodooe  no  effect— was 
k  becauM  or  tlie  dnnigfat  of  the  Mason,  or  was  it  beeauae  Bdir.  CampiieU's  land 
M  already  amply  0ttp|»lMd  with  salts  of  soda  from  its  tidnity  t6  the  seat  (see 
LfOhms^  pp.  34iaiKl34€)«  These  experimems  aie  not  unwortfay  of  repetition 
o»  a  larger  seilSf 


II.  Some  rexy  strikiiig  iesiiH%  obtained  by  top-dressing  potatoes  with  saKne 
manmes  on  a  small  seals,  were  deacribed  by  Mr.  Fleming,  of  Barochan,  in 
1841,  and  are  recorded  in  the  praceding  pait  of  tins  Appendix  (p.  90).  The 
following  three  series  of  eipenments,  made  under  the  direction  and  saneiin- 
tendsnce  of  the  aame  eendeman,  hat«  been  made  upon  a  lar|ner  scale,  ana  with 


lenosnce  ot  tne  aame  eentleman,  liat«  been  made  upon  a  lareer  scale,  and 
the  Tie  w  of  throwing  Bght  upon  a  greater  number  or  imenstait  poinis-- 
The  object  of  the  first  series  was  to  ascertain  the  <  *" 


1^.  OfdifenfUmixtdwMnmr€8.wkenappUedal(meioth£po^ 
3<>.  Their  rdative^lkti  on  dijpurentvart^t^ 


OOi^OO 

eoftaoo     oooooeo 


I'M 
Mir 


I 

s 


.^.v 


No,  VUL\  SXPEBIMENT8  JON  POTATOES. 

8°.  The  object  of  the  two  foUowing  eeries  of  ezpenments  wae  to  i ^ 

1^.  The  relauw  effeet  of  different  saUme  ntbsUuicts  applM  a^amg  yritkfimn^yard 
manure  f  and— d''.  Whether  the  effects  were  greater  when  imxed  wm  the  ma- 
wart  i^the  time  of  planting,  or  when  subsequently  applied,  as  a  top-drtmng,  to 
the  growing  planu. 

1^.  Result  of  EiperimentstMasa^JMSM&f«<ma:sii»t0»^^ 
Potatoes.    Planted  18th  April,  top^lnssed  1st  June,  and  Med  fiSth  Sep- 
tember, 1843.    Low  Field,  Barochan.    The  qiumHty  of  land  in  mgik  pb 
wu  imih€igkth  of  an  imperial  acrt. 


(Wof 

i 

o^^'ng 

Produce 

Produce  In 

PitMSaceip 

dreaaiusapr. 

DMCTtpdon  of 

inpecka 

boUaofS 

per  impernJ 

imp.  aore, 

appUed^ 

of  36 

cwt  each 

including 

1 

per 

pouoda 

per  imperial 

aore. 

carrii^  and 

1 

imp.  acre. 

each. 

acre. 

puuingon. 

ewt 

pecka. 

boUa. 

tna.  cwt.  ori. 

4B.    a.    d. 

1     NltnteofSoda 

U 

M28 

64 

16      -    - 

1    11    0 
i    11    0 

2     Sulphato  of  Ammonia. 

it 

116 

68 

14      10    — 

8    aulpheMofMaenMh 

ll 

106 

63 

13       6    — 

18       10     -r- 

0    12   6 

4     NilnteofPoluh 

li 

148 

74 

2     3    0 

6    Nothing  but  Duiiff 

«)eiibfcyds. 

98 

49 

12     16    - 

0     0   0 

^\  Sulphate  of  Soda 

11 

144 

72 

18 

14    9 

7     Sulphate  of  So«ta 

2 

60 

40 

12     15    — 

0    15.  0 

«(  Sulphate  of  Soda 

^\  Sulphate  of  Ammonia. 

'1i 

151 

761 

18     17     2 

1      4    9 

Q  ^  Sulphafc  of  Mngneaia . . 
^  ^  Nitrate  of  SodB. 

1     \ 
1     \ 

180 

90 

^      10    - 

19    0 

Ka.— The  aoU  la  a  light  loam  of  good  quality,  sabaoil  hard,atone7  illi,  and  retentive 
of  water.  Tba  potaloea  were  planted  with  the  apade  at  the  diatance  of  26  Inchea  between 
ilrilla.  The  manure,  ferm-yara  dui«  at  t)ie  rate  of  40  cubic  yarda  per  acre,  apread  in  the 
bottom  of  the  driU»~cut8eta  laid  on  thia  and  covered  up.  <The  cut  tubera  planted  were 
the  produce  of  tlioee  lop-droaaed  last  aeaaon  (aee  Appendix,  page  20>  Game  away  atrong 
and  ni-althy,ofadarlc  green  colour,  and  wore  very  remarkable  ftom  the  contriat  which 
they  preasnted  to  the  aame  variety  of  Potato— planted  alongalde  thia  experimental  aftiund 
—Chat  had  not  been  dreaaed  laat  eeaaon.  Theae  last  came  away  weak,  and  of  a  yeUowieh 
graen  colour,  and,  under  the  aame  irntlment  in  every  respect,  did  not jiroduce  ao  good  a 
crop  by  15  bnUn  per  acre).  Noa.  1, 2, 4, 6, 8,  and  9,  had  all  the  aame  eflvci  In  altering  the 
colour  of  the  alema  and  leavea  to  a  darker  green.  Noa.  3  and  7  bad  not  that  effect,  but  No. 
3  added  greatly  to  the  produce.  No.  7  made  no  viaible  alreradon,  hut  Mcmetf  Me  top»  m- 
vereljf  at  the  tame  iff  dreamnfi  at  did  motto/ the  othen  thit  dryweamm;  thia  burning  waain 
moat  caaea  only  tamporarf . 

9°.  Results  of  Experiments  with  different  salme  mbtttmoeSy  musad  mth farm- 
yard dung  ai  the  time  of  jiUmtingj  in  growing  Early  American  Potatoes. 
Planted  2^  April,  and  lifted  31st  August,  IQ&  Tne  quantity  of  land  in. 
each  fiU  waaone-eightk  of  animperial  acre. 


1 

CoatofSalta 

Ouantlty     Produce 

Produce 

Piodaea 

osod,  per 

applied  per  in  pecka 
Imperial     ofdfrlba. 

lnbo1]a,of 

Intnoa, 

acre,  inrln. 

No. 

of  Manure  and  Salts. 

6  cwt 

*c,per 

ding  putting 

acre.         each. 

each,  per 
acre. 

sera. 

on,exclu8ive 
of  Dung.* 

1 

Pecka. 

Bollfl. 

Ins.  cwt  qra. 

jB.    a.  d. 

1  Parm-yard  Dung  alone.. 

2  Onm  Bait,  added  to  DttJix 

35  cubic  yda. 

71 

36| 

2  cwt 

70 

Sb* 

8    15     0 

0     4   0 

3  Nitrate  of  Soda,       do. 

H** 

99 

m 

12     7     2 

1    12   0 

4  Sulph.ofMasnoela,  do. 

2    « 

91 

46| 

U    7    a 

0    17    0 

6  Sulph.  of  Ammonia,  do. 

14* 

187 

01 

13     7     2 

1    12   0. 

6  Sulph.  of  Soda,          do. 

2*  M 

64 

32 

8     0     0 
16     0     0 

0    17    0 

7   SiUcateofPotasht     do. 

1    - 

120 

60 

*  Dung  5a.  6d.  per  cubic  yard,  exclusive  of  cartage  and  apreadliig. 
t  The  aiUcate  of  potaah  or  aoluble  glais  wsa  dliec^y  prepared  ttcm  osnstlo  jiotesb  sod 
•UKI  or  sties  fuaed  legether.  L^iguzeu  oy  ^w^^i^ 


so 


CZPEU1ABNT8   OM  POTAtOSS. 


Bnuass.--Th«  toQ  upota  fHileh  (be  abov*  ww«  fvofro  was  a  ntaolL  i 
havtaw  bMo  lakaa  off  at  dMbfem  Uaaaa.  It  waa  trenelMd  two  teac  dac»  in 
laiLamlwUBh  had  Co  be  dona  wkb  tha  nailoclEttt  beliM  too  bard  for  tha 

]wtti40CDblc 


[AfpeiuHz, 

Iha  upper  aofl 
ttaaiipdncor 
'    akNM.lfc 
fweea#. 


waa  ampped  (bat  aeaaoa  wttb  potatoea,  manured  wA  40  cdUc  jraida  of  eompoat  of  woedi>. 
eutgraakand  balfrottanlesvea.  It  waa  again  frenebed  to  ffaeaama  depth  alter  tba  crop  of 
pofiitoea  waa  lUtod;  and  ana  i^atai  planted  bi  tba  Sprtof  of  1842  with  pocatoeai  manoraJ 
wttb  36  euUc  jarda  of  iann-Tara  danf,  nkUed  to  the  propofilona  aiaied  with  the  abore  aaba. 
"^ were  planted  wMh  the  epade,  atthe  dlataaee  ofrwo  feat  becwaen  the  difila,  the 


The 


beliwputtaitbe 
1  liogelber  with  a 


of  the  driba,  ibe  aatta  aown  bj  the  band  abova  It,  and  then 
fofk.    Ibe  cut  aeti  were  laid  upon  the  mfadnra,  and  coTciad 


op.  At  war  remorAerfM  1841,  tka  potalom  with  No.  3  wen  a'ght  to  tm  dam  brairded  before 
Me  ac*w«;  dto  Aba.  6  and 7  werv aorlier /*<m  Ae eMtva,  lAoae Iftrae  beimg  mB/ain^  vpm 
driUe  btfere  the  elkere  made  tkeir  ofpem-atwe  tkremgk  the  gremmd.  Noe.  2. 4,  and  6  wore  la. 
teat,  and  vecx  irregular  In  eonUng  op,  and  upon  examining  the  dillla  a  few  of  ibe  aais  ap- 
paared  to  have  been  temed.  There  waa  a  marked  rtleelmUarHy  In  the  atema  and  lenvea  of 
tbeae  potatoea  through  the  aummer.  Noe.  8»  6,  and  7,  were  all  of  a  darker  green  colour  and 
aCranger  than  iba  otbece.  No.  7  wot  reatarkabk  far  intnmmwe  qf  eoiemr  and  tovtt  ^ 
afama,  ao  muab  eo  that  tt  appeand  to  be  a  dtflbrent  varletj  of  potato.  Mo.  4  waa  ftillj  bee. 
tar  In  anpeanAea  (ban  Noe.  2  and  6,  which  were  of  a  yellowlah  green  colour  and  had  a 
atnnted  appeaiance  all  the  aeaaon.— When  thla  ground  wme  firat  broken  up,  a  pound  of  it 
waa  boOed  bi  pure  rain  water  pnd  fikared,  wbieh  waa  then  evaporated,  tba  reaidoe  weighe4l 
4|  grataia,  moody  aolubla  aaba,  but  bardlj  a  trace  of  common  aalL 

S°.  The  following  experiments  were  made  with  the  view  of  deienniiiinr  ka>» 

far  fjtnamietd  miiamm  migki  be  made  to  suipenedt  fan^fard  tnamire  vm  ike 

gnwikoffetatoes: — 

lo.  Aceonot  of  an  Bzperimeut  In  growing  Potatoea  QxMt  Pink  Byee)  wtlh  Iba  fcOowlag 
_._^ -,_-.._. J  of larmyard dung,  planted 20tb  Aprfl,  IdfsL 


No. 

b^radlenta. 

Qoantfty  ta- 

teoded  to  mar 

nun  four 

acrea. 

Ooetof 

for 
fonraerea. 

1 

8. 
9 
10 

Rape-doat 

Sulphate  of  Magnet 

cwta.  qra.  Iba. 
6     0     0 
2     0     0 
0     2   24 

5  0     0 

0  2     0 

1  2     0 
1      2     0 
0     2     0 
0     0     2 

6  2     0 

JB.    a.    d. 
t    10     0 
0    12     0 
0     6     0 
0      16 
0    10     0 
0     2     8 
0     9     0 
0    10     0 
0      1     0 

CaAwnaie  of  I  Jme 

Nhnieof  Soda 

Common  Salt. 

flulphateoffloda 

Sulphur ;. 

Dry  Moaa-Barth 

20     0    26 

4      1      9 

I.— The  above  mlztnro  %vaa  an%ni  In  the  diiUa  at  the  rate  of  abont  6  cwta.  per  im- 
perial acra,  at  a  coat  or  little  more  than  XI.  aterllng,  and  prcNluced  a  fiUr  crop  of  poinio*^  of 
a  romarkably  fine  quality,  43  boUa  ner  acre  of  Imperial  Rcnfrewahire  meaanrp,  weighing  5 
cwt  each,  upon  a  poor  and  light,  aiihoogh  new  aoU,  but  nut  worib  mora  than  98«.  per  acre. 
Great  cantion  ia  required  in  uefaifi  thla  mijoure,  aa  It  la  very  apt  to  bum  the  cut  aeta  if  lai«l 
dtafecdy  upon  ttiem.    A  little  eanh  abonid  be  pot  between  the  cut  potato  and  the  manure. 


9P.  The  followbig  mlxtare  waa  made,  and  lay  toaether  for  five  weeka,  when  it  waa  aowntai 
I  ofpotato  dJiOa  upon  a  poor  tllly  aoA,  and  White  Don  Potatoea  planlod  i 


aOlh  April,  1842. 


1  with  It 


No. 

IngradleBta. 

(iuanllty  mixed 

to  manure  one 

acre. 

Ooetof  Sub- 
one  acre. 

Saw-doaC,  moady  llnon  Alder.. .. 

ewtai  qra. 

1       2 
1       0 
0       2 

0       2 

boab. 
40 
10 

£.0.6. 

0     7     6 

0  2     S 

1  0     0 
0     3     6 
0     4     0 
0    10     0 

Solphaie  of  Ammonia. 

Sulphate  of  Soda 

SolphateofBCamaia 

Coal  Ttf ,  20  pllona,  aay 

3       2 

^:z. 

JDy«^^J■wj]^l. 

iVb.  Vm,]  BXPfiUMSMTS  ON  fOTATOU.  9l 

RwMKM.— The  pefatoef  pbnled  wtth  CIm  abote  miztare  earns  qoiekly  fliRMf h  the 
tftMind,  and  were  Teiy  Iturorlaot  hi  IbliBfe.  They  •were  lifted  10th  Oelober,  after  beuif  cot 
down  by  froet  whilat  atUl  onripe  and  nowlng.  On  befaif  taken  op,  ihey  wen  found  to  yield 
«  produce  ol  66  boUs  of  RenfirewaMre  meaanre,  weif  hUif  5  ewta.  each,  per  acre,  ofrerr 
tee  pofa(oefl|  many  of  which  wetgheSTrom  SM  to  30  os.  each. 

N.  B  — Thla  mlimre,  after  being  pot  (of  eiher,  fermented,  and  was  fraqaentty  turned,  bat 
kepcdry. 

The  sereral  leries  of  experiments  made  upon  potatoes  by  Mr.  Flemine  are 
deserving  of  careful  consideration!  and  many  of  them  of  judicious  repetition. 
They  are  all  well  contrived  or  derised,  and  each  series  skilfully  ananged. 

In  agricultural  experiments  it  is  of  the  greatest  possible  con8ec[uenoe  that  the 
practical  man  should  have  a  clear  and  definite  object  distinctly  in  view.  If  so, 
Kis  experiments  may  be  signally  successful  in  his  own  estimation,  while,  eco- 
nomicalljr  considered,  they  mav  be  total  fiiilures.  This,  as  we  have  seen,  was. 
to  a  certain  extent,  the  case  with  the  first  series  of  ezperiments  made  upon  Loni 
B1antyro*s  farm,  as  above  detailed  (p.  43).  The  applications  in  some  mstances 
lessened  the  crop,  but  the  result,  nerenheless,  threw  considerable  light  upon  the 
questions  which  tlie  trials  were  intended  to  solve. 

In  makine  an  experiment,  the  practical  fiurmer  4uks  a ptestion  of  nature;— in 
arranging  the  form  and  details  of  his  experiment,  he  is  putting  together  the 
words  by  which  his  question  is  to  be  expressed.  If  his  question  be  ckarly  put, 
nature  will  g:ive  him,  sooner  or  later,  a  clear  and  distinct  answer— if  he  nave 
skill  enough  in  nature's  language  to  understand  what  she  has  said  to  him.  I 
say,  sooner  or  later,  for  it  may  be  sometimes  necessary  to  repeat  the  question, 
either  because  something  has  intervened  to  prevent  nature,  so  to  speak,  from 
hearing  his  question, — because  it  has  not  been  accurately  expressed — or  because 
something  in  the  seasons,  or  otherwise,  has  prevented  her  answer  from  being 
clearly  understood — perhaps  from  bein^  heard  or  read  at  all.  Circumstances 
may  even  prevent  the  answer  from  bemg  given  until  a  second  summer  come 
round,  when,  if  we  are  not  on  the  alert,  it  may  never  be  received  at  all. 

The  above  experiments,  as  well  as  those  which  follow,  form  an  excellent 
study  for  the  practical  fanner  in  reference  to  this  matter.  Eveir  series  is  plan- 
ned with  a  view  to  a  given  end,  the  circumstances  are  carefully  noted  before, 
durine,  and  at  the  close  of  each  of  the  several  trials,  and  the  answers  are  re- 
corded with  a  very  praiseworthy  degree  of  accuracy.  I  shall  place  together,  in 
one  view,  the  most  important  of  the  deducuons  to  which  the  experiments  of 
1842  appear  to  have  led,  when  I  shall  have  laid  before  the  reader  the  whole  of 
the  tables  which  have  as  yet  been  placed  in  my  hands.  , 

C— EXPERIMENTS  UPON  BARLEY. 

The  object  of  the  following  experiments,  also  made  by  Mr.  Flemmg,  was  to 
ascertain  the  relative  effect  of  different  sahne  substancts,  when  applied^  as  tap- 
dressings^  to  a  crop  of  tohite  barky. 

The  results,  as  shown  in  the  last  column,  are  sufficiently  interesting. 

Results  of  Experiments  with  various  substances  used  as  top-dressings  upon 
Barley  (common  white).  The  Barley  soum  I4th  April,  top-dressed  6th 
May,  and  cut  down  S5th  August,  thrashed,  cleaned,  measured,  and  weighed 
5th  October,  1843.  The  quantity  of  land  in  each  plot  was  one^ghth  of  an 
imperial  acre. 

Rbmabxs.— The  enll  of  thla  field  ia  a  llcht  loan,  aa  nearly  aa  possible  rnilfoim  In  qmUity. 
and  luKl  loin  aboot  ten  yean  In  paature  prevtoue  Id  the  aprtns  of  IMS,  when  It  waa  all 
trenched  wfth  iho  apade  twelve  inches  deep.  It  had  been  thorot4rh.dralned  with  tilea  some 
yearn  before  breakiriK  np.  After  beins  trenched,  it  was  dressed  over,  exeept  whero  the  ex* 
perimenta  were,  with  two  ehaldrons  of  lime  per  acre,  slaked  with  water.  In  which  eommon 
rait  had  been  dlaiolted,  and  before  sowing  the  barley,  with  the  exception  of  the  experfroent 
ground,  it  wes  top-dressed  over  with  two  and  ahau  cwts.  of  Tumbairs  artificial  ganno  per 
acre,  harrowed  in,  aa  vm»  dtto  the  top-dretahtg  No.  3  In  the  table  of  experiments.  The  bar> 
ley  was  sown  bnMulcaat,  2^  buahels  per  acre.  Owing  to  the  extraordinary  drought  at  time 
of  sowtaig,  it  did  not  braird  well  till  rain  came ;  after  which  it  mada  rapid  progreaa.  Advan* 
tage  waa  taken  of  heavy  rains  to  put  on  the  top-dreaalnga,  all  of  which  ware  sown  at  the 
tmeabove  Haled,  vis, 0th  K%y,  eseepC  No.  4|  wbloh  wm  not  sown  dU the lllh, st  whioli 


iaCM«ll«NTi  trw  BAftUBT. 


N<K 

ft«Mni&tLLriaL». 

Pi 

lOiil.cl 

1 

II 

1 

III 

3' 

7 

NlMI»«r8D*u 

Bolpbile  «f  0oda. .......... . 

KtoraHSiMof^  2Bm.  11'. 

HUmAofFomb 

DomMMMiflnlt««k*v.«««« 

Ti£b3l*t  'iftnetai'ouaiko! ! 

Ibe 

le 

14 
81 
7 
48 
H 
48 

Ibi. 
1881 

1188 

2I« 

1066 
1736 
1680 
1985 

Ibik 
364 

878 

433 
286 
378 
325 
834 

600 

491 

680 
600 
496 

486 
480 

DM. 

66 

66 

64 
64 

67 
66 
61 

B.d. 
8    0  > 

3   < 
0   6| 

3    0 

b«»h.lbn. 
68     0 

64    SI 

61      0 
87    48 
63     3 
47    15 
49    SB 

tlm«  (MTt  «Mi atm roHs  omt, m  comeguatce, »  oumetf  t^ptatua,  qf  leAtc*  theyoidnot 
e0ver  otf  Me  eaoeoik  and  the  ground  got  M\  of  weeda.  No.  6  bnnied  the  plants  alao,  I 
Cbej  TMorered  qoiekly,  and  gkye  a  good  retnni.    Awwtm  rtmarked  6</bre,  iMtjaeff  iiiaiw 


,     .^  ^  ft«quent  mention  of  apade  culture  in  these  experiments, 

Bftanj  may  consider  Uwt  they  tmre  upon  s  very  smsll  seals,  whkh  Is  not  the  case,  lbs 
crsamr  pioBoctloa  of  ibem  beiag  very  extensire.  Mr.  Fleming,  lo  gits  employment  10  the 
asstHnls  laoourers.  haTing  dug  and  trenched  about  thirty  acres  of  land  Instead  of  ploughii^ 
tti  which  accounts  ibr  the  nrequent  mention  of  spade  culture,  which,  when  It  can  be  got  ex- 


s^tsd  at  a  modelUe  rate  (paftie<riart7treiiohlng  at  £i.  per  aerex  Is  vsry^  ad^ntageoos, 
och  pkraghmg.  *"  " 


A.  F.  GAJBoma. 


iVQptltortotnaebi 

D.— EXPERIMENTS  UPON  OATS. 

The  int  of  the  following  seriet  of  experiments  was  made  at  Lennox-Love, 

at  the  nguett  of  Lord  Blantyie,  the  second  at  Barochan,  under  the  direction 

of  Mr.  fleininff*    The  general  object  of  both  was  the  same — to  aacerittin  tkt 

rdatim  tfiU  of  d^ertnt  salme  mbstances  applied  as  top-dressingi  upon  fptmg 

mUt  but  those  of  Mr.  Fleming  hare,  besides,  Ike  spodaloijed  0/ ascaiaintng  tke 

gJfeU  tffctrUuM  mixtures  upon  oatt  whmgrovm  upon  mossy  land, 

1^.  Oats,  seoood  croa  after  old  lea.    Boil  sharp  loam ;  subsoil  clay  rsating  on  sand<stoB« 

rack.    Oals  town  l4th  March ;  (op-dresainita  applied  13th  May :  crop  cnt  27ih  Aug. ;  and 

IhrashsdOtb  Sept,  1848.  The  quanh'tyqfUmd  in  each  plot  wuome-eighth  of  animpenl^  acre. 


Nd. 


9 
0 
U 

"1 


QVABET  PABX, 

Lmaox-LoTB. 

Deseripdon  of 
Drassing. 


Ho(hii«. 

OoSDBODflalt... 

Common  Salt... 

Raps-dosC 

Mlmlsofflsda.. 
NItralsofaoda,. 


NUrat^sf  Soda.  . 
AripbatsefSoda.. 
BnlphstsofBoda.. 
SyplMts  of  Soda  . 


Ottano. 
Am 

Wi 


rflnoms 


^^      wftbl 

tlmssHsbuUtofwatsi 


Nq,  VJU'}  «XPSilIMlSNT8  UPON    (UTS.  fP 

fi^»  Rtinulti  atEipennieitls  urV/i  vanau*  ftt^tancet  tited  ta  tapt^cmin^  itpof^  OattHi&uidT 
Q&u>i  town  16ct)  Apritt  u|»fi  UTfiinedpe^  ma*«  Koi,  2, 3^  «Dd  5  lup'^resHd  on  thp  lam^ 
dvj" ;  No.  1  (tre«!i«rt  ^li  htftj^  cm  lUmn  I4th  f^'ptemtMrt  miiJ  thnuhedt  cleaned,  and 
wctghfdClh  Octy,  V^  _^^^  ytjgnfrfy  itfJundtn  eadipfui  itnu  ofieftfA^hiiffmimptriaiaeTet 


i! 


I 


Na. 


■SAW  PJMS  nZLD,  lABCKTBAH, 


f 

a 


=  e 


IL 


1^ 

iV 


Sulahftle  of  AmiDoaJa. .......  .\^^  11m. 

Water ..JiMeaUM. 

^ulphnte  orSoda 31  Ibo. 

NKr»teof&0<3ll l!J|  It* 

Bon^e    dissolved    in   MurUiUc' 

Add ,...., l421ba. 

^io[hin|f^  H . « I' n. ,  i , , 

Butphaic  of  AmmonJii ,.   7  Iba. 

Hitscmie  of  Fotuh U  tbi. 

Bulphite  or  BodA  H  ^  ..........  l|iI>B. 

BoQefl    dlssoEved    la    Muriatic  | 

Acid  ..  .H.  ..,  ,.H. iU  Iba. 


Ibf. 

Lbt, 

IJO& 

270 

1230 

3U5 

mo 

SGO 

330 

2m 

lono 

3C0 

420 


4« 
31X1 


fi3D 


Ib«. 
il 


43 


a.   d 

3   6 


H 


ft 

2 
1 

*1 

U 

2 

J 

2 

fjES    IS 

43     S 
€6      6 


Ea^AHJu.— llie  uU  upciji  which  ilie  above  were  grown  la  moaa.  nthav  deapar  in  aoma 
putathAD  oth«n,  Incumbent  upon  i^velofaaliff  rotentir*  qitfllty.  Il  bad  beaniwrtly 
dr^aed  Htnc  y^uv  ago,  but  cwiu^  to  tba  nature  of  the  aoU  the  dralaa  did  noiaet  waO.  m 
the  ipdna  of  li^^  ii  vcrb  n^m  drainr-1  with  tflfa,  and  trenched  over  with  the  aoade  to  the 
d  e^pth  an  6  i  iic  be«,  lun J  sof n  e  p  f  [  he  k  naTel  aubaoil  bruogbt  no  amooi  the  moaa.  The  grpand 
being  dlTideri  into  lata  U>t  the  piirpoae,  the  toprdreaainga  Noa.  2,  £  and  6  were  aownon  the 
It-iih  April,  ut4i  i>li^htly  hnrroweLi  in  \  the  oata  were  then  aowq  and  hairowed  tm.  No.  1  waa 
ma'  b  trom  idu  Lba.  buI  nhhto  E>f  ammonia  disaoWed  in  100  gaUa.  of  water  (propoitlona  for  an 
Impt^h&c  Aczt;\  siiit  mprinklBd  upon  ihr»  oata  during  the  lime  of  rain  on  Mi  May.  No.  5  waa 
h*^vin  up<  in  ft  loi  where  ihe  tanma  was  Aillj  the  deepeat.  Thej  aU  brairded  well ;  Noa.  2  and 
&  €Qiziin;e  mEher  edfljer  Liiin  ihtf  nthi^ra,  and  of  a  darlier  colow,  partieuIailT  No.  9.  Ne.  1, 
aAflf  being  vtQ.icTini  vtiih  the  soluiiEHL,  became  alao  of  a  darker  green,  bat  neither  Noa.  I  no* 
2  vrare  ^  tlrtmf.  in  the  BirBur  u  .Vo«.  ii  and  6, 6otfc  •fvhUk  tmnnmarkablefor  tfrmgtk  tmd 
iujuriartet,  tifUKiaOy  No.  ft,  wMrh  k'^it  theltad  o/tke  ctken  all  the  teomm. 

E.-^XPERIMENTe  UPON  WHEAT. 
The  following  three  EzperimenU  upon  wheat  ejehibit  verv  interesting  wscilti : 
1^.  The  fint  aeries  was  made  on  the  home  form  of  Lora  Blantyre  at  I^^nnox 
LoTe,  and  was  intended  to  ascertain  the  rekUive  efioU  in  that  localitff  of  iiftr^ 
gni,  ekiejlf  saUne,  mamires  appHed  as  top^^iressings  to  tpring  wheat. 


(No. 


Lnoioz*LoTB. 
Deacriptfon  of 


Nothing 

Common  8alt, 
Commoa  Bah. 

llM)e^)uit 

Nitrate  of  Soda. 
NitniaofHoda 
Rape-dq8t.,..f.. 
NitnUa  of  Soda. 
Salphateoffloda. 
Sulphate  of  Soda. 
Sulphate  of  Soda 

Rape-dust 

Rape-dual 

Ouano 

Boot 


419 


•426 
<M4 


•906 


1-906 
•8M 


•017 
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BXPERIMKNTS   UPON  WHEAT.  [Afpefutix^ 

I.— Bpring  Wheat  after  Tanilpt,  Bootb-LawB.  SoO  loamy  day ;  aubaoil  day. 
Drained  otery  mrrow  before  breaklnir  ap  from  old  craaa  In  the  autumn  or  1839;  pUmghed 
deep  and  tubtoHed  in  apxlnf  of  1841.  Wheal  aown  6tb  February,  1842 ;  manures  applied  13ih 
Mar;  crop  cut  24ih  Aiiguat;  and  thrashed  10th  BepCember,  1843.  2^  quantity  qf  land  m 
eackpkH  teat  one-dglah  of  an  imperial  acrs. 

2^.  The  object  of  the  second  Beries,  made  at  Barochan,  was  to  ascertain  the 
reiative  effect  of  certain  mixed,  chiejlf  saUne^  manures  applied  as  top-drtssings  to 
winter  wheat. 

Results  of  Exparlmeots  with  various  subsUsces  used  as  fsp^eMfiws,  upon  Winter  Wheat 
pressed  9th  M^sand  cut  7th  September,  1842.    Theguantitpqf  land  m  each  plot  tgae  one- 
of  an  wtpentd  acre. 


No. 


CaOOK*S  FAKM, 
BAnOOKAII. 

DoseriptioB  of 
Top  ] 


Notbinc 

Natural  Ouaao... 
TumbuU's  Artificial 

Ouano 

Common  Salt... 
Sulphate  of  Soda. 
Nitrate  of  Soda.. 
Common  SaA. . . . 
Dissolted  Bones. 

Rape-dust 

Sulphate  of  Magnesia 


RsMAnxs.— The  soli  is  a  heay  loam,  incumbent  upon  a  deep  clay.  The  wheat  «m  sown 
at  the  end  of  Norember,  1841,  afler  a  crop  of  yellow  lumlpa.  The  turnips  were  msnured 
with  80  tons  of  town  dung  per  acre.  Owinf  to  the  soTerlty  of  the  winter  of  1841  and  spring 
of  1842,  the  plants  were  Tery  thin  upon  the  ground.  In  April,  1842,  if  was  aown  down  wiih 
grass  seeds,  harrowed  and  rolled,  alter  which  it  tillered  and  s radually  recorered.  At  tha 
time  the  dresshifs  were  put  on  there  was  rahi,  but  in  general  tt  wu  Sy  tteatker  after,  and 
in  eoemfuenee  the  top-dreaeinga  did  not  produce  emch  great  reeulte  at  they  did  in  l^L  The 
field  was  examined  from  time  to  time,  and  the  appearance  of  each  experiment  as  noted 
down  is  folly  borne  out  by  the  results  given  in  the  table,  viz. :— No.  1  was  taller  in  the  straw, 
longer  In  the  ear,  and  of  a  darker  green  colour  than  any  of  the  othera ;  No.  6  was  nert,  and 
No.  4  was  third.  In  point  of  appearance  there  was  In  the  othera  no  perceptible  dlflbrenca 
ftt>m  the  general  crop,  except  No.  3,  which  appeared  to  have  checked  the  growth  of  the 

Elants,  and  from  this  check  they  scarcely  recovered  all  the  season.  It  is  however  remark** 
le  that  wherever  common  salt  was  applied  the  grain  was  heavier  per  bosheL  It  viU  be 
obeerved^  vrith  reference  to  the  experimtra  upon  %theai  grown  on  thie  land  laat  year,  that  the 
t^ppUealion  ofeommun  ealt  had  a  very  great  ^ecT,  and  mmld  probably  ha»e  eieoben^ied  the 
gateral  crop  thie  year,  hod  it  not  been  fir  the  extraordinary  dnught  qf  the  eeaeon  (see  Appen> 

3^.  The  object  of  the  third  series,  made  by  Mr.  Burnet,  of  Gadgirth,  near 
Ayr,  was  the  same  as  those  of  Mr.  Fleming.  The  mixtures  employed,  how- 
ever, were  different,  and  the  tabulated  results  are  at  least  eqtiaUy  interesting 
and  satisfactory. 

Results  of  Experiments  with  mixed  Msnores  used  as  top-dressingB  upon  Winter  Wheat 
(Eclipse  variety),  sown  29th  October.  1841,  and  reaped  IBlh  August,  1842:  The  quantity 
qfland  in  eachptot  wu  one-fourth  of  an  nnperial  acre. 

The  soil  a  loam,  with  subsoil  of  clay ;  tUe-dnined  and  treoch-ploaghed.  Bad  been  In 
beans  the  year  previous,  and  had  no  manure  with  that  crop  nor  with  the  wheat,  except  the 
above  applications,  harrowed  in  in  spring.  No.  6,  at  a  cost  of  jS2l  4s.,  has  produced  an  in- 
crease over  No.  1  of  £«.  19s.  3d.  being  a  #aih  of  jk  16s.  3d. 
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OlDOISTH, 
MBAK  AVB. 

Mannres  applied 
16th  April. 


No  application 
Goyno  ^ewt  A 
Weod-asbea.... 
Anificial  Oaano 
1  ewt  *  Wood- 
ashes  1  ewt 
Sulph.  of  Ammo- 
aia  4  cwt,Wood- 
aahes  Icwt..... 
Sulph.  of  Ammo- 
Ola  I  ewt,  Solph 
of  Soda  i  ewL» 
*  Wood-ashes  1 


Sulph.  of  Ammo- 
Ola  4  ewt..  Com- 
mon Salt  i  ewt  I 
ic  Wood-ashes ) 

ewt 

Salph.  of  Ammo- 
nia |cwL,  Nitrate 
of  floda  \  ewt., 

*  Wood-ashes  1 

ewt... 

INirabulPs  Gua^ 
nolewL,  Sulph. 
of  Lime  1  ewt, 

*  Wood-ashes  1 
ewt I 


"I 


cwtqniba 
.7  I  18| 

7  2  16 
6896 

8  3  21 

11  0  181 
U  1  4 
110    6 


ewt  art  lb* 
4323i 

602t 
6  0  17 
62    7 

70  9i 

71  24 
7083 


I 


ewtqrallii 
4  0  16 


80    6(52    8 


4  1    9 

4  1  10 

5  1  10| 

62  8| 
62  6| 
6126 


42    2t    60 


P.— EXPERIMENTS  UPON  PASTURE  AND  OTHER  GRASSES. 

I.  Experiments  made  by  Mr.  Alexander,  at  Wellwoody  in  18IS. 

A.   On  crops  of  meadow  and  rye  grttts  hay, 

1^.  One  Scots  acre  of  well-drained  mossv  meadow,  and  fiiU  of  timothy  grass, 
was  top-dressed  during  the  last  week  of  April,  with  1  cwL  impro?ed  bones,  j 
ewt.  gfauber  salts,  i  ewt  of  charcoal,  all  well  mixed  with  ashes.  Result.— 
Crop  much  improved,  and  came  to  loO  Ayrshire  stones  (of  34  lbs.)  per  acre. 
I  may  mention  that  this  meadow  suffered  generally  much  from  the  serers 
drought ;  the  above  kept  its  erowth  best 

2^.  One  Scots  acre  of  welfdrained  mossy  meadow,  full  of  timothv  grass,  was 
top-dressed  during  the  last  week  of  April,  with  1  ewt  of  artificial  guano,  13 
bushels  of  humus,  well  mixed  with  a  quantity  of  ashes.  Result.— Not  so 
good;  more  affected  by  drought;  crop  16&  stones  per  acre ;  the  rest  of  the  nn- 
oressed  meadow  land,  on  an  ayerage,  140  stones  per  acre. 

2f^,  Three  acres  of  rye  grass  hay.  upon  a  very  hf^ht  sharp  soUf  was  top-drassed 
during  the  last  week  of  April,  with  3  ewt  of  artificial  guano,  3|  ewt  of  unproved 
bones,  1  ewt.  of  charcoal,  aU  mixed  with  a  quantit3r  of  ashes.  Result.— I  can- 
not pronounce  that  the  hay  on  the  three  acres  was  increased  in  bulk :  the  crop 
was  a  light  one  on  the  whole  field,  owine  to  the  severe  drought,  ana  the  verr 
dry  nature  of  the  soil  this  season,  thereSne,  gave  this  experiment  no  fidr  trial. 
I  would  say.  however,  that  I  have  rarely  seen  such  an  anpearance  of  white 
olover  since  tlie  hay  was  cut,  and  particularly  on  the  dressed  land. 


66 


EXPKRnifimi  VTON  PA«T«mS  OBltS. 


B.   On  pasture  gratt. 

Tluee  yean*  old  l^a.  The  extent  2  tcresS  roods  Seoto  measure,  divided  into 
three  equal  parts,  and  the  manures  applied  durine  the  last  week  of  April. 

No.  1.  Dressed  with  ^  cwt  of  ammoniaeai  salts,  1  cwt  of  sulphale  of  soda 
(glauber  salu). 

No.  3.  Dressed  with  i  cwt  of  ammoniaeai  salts,  k  cwt  of  glauber  salts,  i  cwt. 
of  common  scJt 

No.  3.  Dressed  with  |  owt,  of  ammoniaeai  salts,  f  cwt  of  glauber  salts,  |  cwt 
of  nitrate  of  soda. 

Results.— Nos.  \,  3,  and  3  were  much  alike  ^  in  all  the  three  cases  the  vege- 
tation  was  quickened  and  improved ;  but,  as  is  always  the  case  with  experi- 
meots  on  pasture,  unless  the  cattle  were  kept  off  for  the  whole  season,  ana  the 
produce  cut,  it  is  not  easy  to  say  how  fiir  the  above  application  went  to  imfnove 
the  grass ;  but  certainly  the  small  field  did  wonders— for  it  pastured  fifteen  eaily 
calves  neariy  all  the  season. 

II.  The  following  carefully  conducted  series  of  experiments  were  made  by 
Mr.  Fleming,  of  Barochan,  with  the  view  of  determining  the  rtiaiive  efiU  of 
stUint  sui§tam€e$  upon  the  umgkl  of  the  hofif  oropf  on  the  field  where  the  expen* 
mental  wheat  of  1841  was  grown : — 

RsMlt  of  ExperimeDls  tried  upon  sown  Orus,  cut  for  Hsy  on  aoth  Jane,  IMSL  Crook's 
Fann,  when  the  Wheat  (rew  In  1841.  (See  preceding  pertorthisAppeiMliz,p.  19.> 
ntptanHiif^kmdineathpiottoaBtm'atsteentht^anin^faial  acre. 
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OBOSK'S  PABM,  BAaoOBAM. 

of 


NoCUng 

Bolphaie  of  Bods 

Common  8ek 

Nib^Teoffloda 

Sulphate  of  Soda 

NtiiBte  of  Soda,  mixed. . 

Natural  Guano 

BOicateof  Polaah 

Ojrpeum 

Sulphate  of 

Turobull's  Guano, 
Common  Salt 

Soot , 

Hay  of  Bariey  Land,  ma- 
Dured  with  Bone-duat,  1841. 


21 
81 

2? 
7 
14 
14 


it, 

«  •'3 


710 
481 

1126 
610 


767i 

8S0 
695 

796 


lbs. 
11,360 
7.740 
10,960 
18,100 

8,910 

14,930 

12,120 

13,120 
9,690 

12,720 
16^ 


1 

•o 

b 


6640 


3660 


aj 


Ibe 
196 
163 
176 
351 

186 

aw4| 


7«o[l98 
1760226 
186 

13608283 


3680 


276 
337 
262 
312 

363 

276 

268 

278 
318 


3241^      S    14    1 


Rbmabks.— Nofl.  1, 2, 3, 4, 6,  and  &  were  all  droned  on  the  9ch  of  April,  the  weather  be- 

4verv  drr  at  ihe  time,  and  their  eflects  were  hardlj  perceptible ;  but  In  the  last  week  of 
ril  Nos.  3  and  4  ehowed  an  f  mproTement  over  the  otnen.  We  had  hearr  rafaM  the  flrat 
week  of  Maj,  and  by  the  7th  of  May  the  nitnte  of  aoda  (No.  3)  could  be  aeen  at  a  dJeiwice  by 
the  aUemtlon  of  the  colour  lo  dark  freen,  and  ita  height  above  the  othen  i  upon  that  day 
Noa.  1  and  2  ahowed  no  visible  akeration  from  the  nndreaaed.  No.  3  was  the  beet  of  an/: 
teller,  and  of  a  dark  green  colour,  and  thicker  awarded.    No.  4  tkotaed  Kttle  or  no  aUera&n 

m  dU  J^9. 1.  in  beiiur  fuarty  aU  Fealuea  RubnK  uith  hardly  tmy  rut-gram,  aMSSk^Om 
gram,  wm.  (FeMuca  Rubra),  ikmc  wot  mum  ;  the  field  having  hmn  tocen  teith  ryerraaL  Urn- 
otky,  md  rerf  etoper.    No.  6  darker  than  No.  4  Inlhe  colour,  and  good ;  but  No:  8  hardTy  Im- 

g*>^**^'^.^®^  ^A^h  ^^  !°'  T*'*  «^»«"««  opoo  the  7th  of  Bfay.    The  men  In  ptooghing  ap 
e  atubble  of  1841  found  that  the  riiteea  whielTweTe  top-dreaa^  tlut  aeaaon  with  nttrSoF 
aoda,  were  more  dUBcnU  to  plough,  l^m  the  atrength  and  depth  of  the  graaa  roou,  than  the 
ridgea  undreaeed,  each  alternate  ridge  only  havlngbeeo  dreeeed. 
«!  oSS/j^'^SJi"^  EliSf  21^  '^  J*^  ^^  J  Nkrate  of  soda,  jBl.  per  ewt ;  Natn. 
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G.— EXPERIMENTS  UPON  MIXED  CROPS. 

The  following  interesting  ezperiment  wm  madu  by  Mr.  Alexander,  for  tho 
porpoae  of  ascertaining  the  efid  of  a  imaMurt  ofgfpsum  ami  common  sdU  upon  a 
mixed^op  of  oatSy  beanSf  and  peas : — 

Result  of  an  esperiment  upon  the  effect  of  gypsum  and  common  salt,  applied 
as  a  top-dressing  at  Wellwood,  Muirkirk,  iSiS. 

Four  Scotch  acres  of  strong  soil,  bordering  on  cUr^,  broken  up  from  two-year- 
old  paamre,  were  sown  with  oats,  beans,  and  peas  (Vhich  is  called  in  Scotland 
fHasklem,  and  is  a  first-rate.fodder  for  dairy  stock).  U*hey  all  came  well  up,  but 
worming  and  other  causes  injured  the  crop  so  much  that  I  had  serious  intention 
of  ploughing  it  up,  and  sowmg  turnips.  Instead  of  doing  so,  I  top-dressed  the 
whole  four  acres  with  the  following  substances,  well-pounded  and  mixed  to- 
gether, and  this  being  done  immediately  before  copious  rains,  the  mixture  was 
washed  into  the  soil  :~1S  cwt  gypsum  (from  Tumbull),  which,  with  carriage^ 
cost  88. ;  4  cwt  common  salt,  which,  with  carriage,  cost  8s. ; — this  and  ue 
gypsum,  16s.    Cost  of  top-dressing,  48.  per  acre. 

The  effect  was  like  magic ;  the  plants  immediatdy  assumed  a  deeper  green 
colour,  and  grew  wondeimlly,  and  this  field  took  the  lead  of  all  my  cuier  oats, 
and  when  reaped  the  field  generally  was  the  best  I  had.  Oats,  beans,  and  peas 
were  all  particularly  well  fiUed.  I  may  state  further,  that  after  the  dressing  it 
stood  the  severe  drought  better  than  any  of  my  other  crops.  Wellwood  is  S8 
miles  from  the  sea,  and  5&0  fleet  above  it. 

From  other  experiments  which  I  had  before  made,  but  which  I  shall  not  fiir- 
ther  enter  on  here,  I  am  convinced  that  common  salt  is  a  great  auxiliary  in  that 
locality  (if  not  to  most  othen  distant  firom  the  sea),  and  it  ought  to  be  nur  more 
extensively  used. 

H.— EXPERIMENTS  UPON  BEANS. 

The  following  experiments  were  made  by  Mr.  Alexander,  of  Southbar,  at  his 
form  of  Wellw^,  in  A3mhire,  with  the  view  of  ascertaining  the  relative  appa- 
rent effects  of  different  saline  top-dressings  upon  beans  ai  difereni  periods  of 
their  growth : — 

Experiments  made  at  Well  wood  upon  a  crop  ot  beans  (1843). 

The  ground  was  manured,  previous  to  sowing,  with  15  tons  of  form-yard 
dun^  per  Scotch  acre,  and  the  other  manures  apphed  when  the  beams  were  about 
two  inches  high  (they  were  sown  in  broad-cast).  The  extent  of  ground  was  S| 
acres  Scots  measure,  divided  into  four  equal  proportions. 

No.  1.  Dressed  with  }  cwt.  of  sulphate  or  soda,  i  cwt  of  nitrate  of  soda. 
Result. — The  effect  of  the  dressing  was  seen  soon  after  application,  by  deep, 
ening  the  colour  of  the  plants.  The  beans  were  deficient  in  straw,  but  remaix- 
ably  well  podded  and  filled. 

No.  3.  Dressed  with  |  cwt  of  sulphate  of  soda,  1  cwt  of  gypsunt  Rbsult. 
— More  straw  than  the  foregoing,  and  rather  bettec  crop. 

No.  3.  Dressed  with  \  cwt.  improved  bones,  i  cwt.  artificial  guano,  3  bushels 
Tumbull's  humus.    Rbsoi^t. — About  the  same  as  No.  I. 

No.  4.  At  first  not  dressed ;  but,  in  consequence  of  being  weakly,  was  after- 
wards top-dressed  with  3  cwt  of  gypsum,  and  1  cwt.  of  common  salt,  done  in 
consequence  of  the  highly  beneficial  effect  produced  on  the  four  acres  of  mashlam 
crop  above  alluded  to.  Result. — Though  done  so  late  that  the  beans  were  abreadf 
coming  into  /lower  ^  it  helped  them  nnutA,  and  they  ended  as  well  as  any  of  the 
above.  It  may  here  be  remarked,  that  all  the  beans  were,  particularly  for  that 
high  district,  heavy,  being  on  trial  soon  after  mowing  65  to  66  lbs.  per  bushet 

I.  ObseroaUons  upon  the  effect  of  the  top-dressings  applied  ml841  upon  the  crop 

The  following  remarks  are  quite  as  interesting  as  any  thingoontained  in  the 
nnmeious  experiments  made  this  year  at  BanKhan  by  Mr.Tleming's  ddlfol 
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oreneer.  Thmr  ate,  I  beUeve,  the  fiist  iyifewMrfig  iBrwi.or  ob— tlio—  of  the 
kind  JM  pvUiahed.  They  aze  Talueble,  theieiore,  m  d^  fixat  tfepe  in  the  line 
liprioimipd  obeenratuMM  upon  the  same  land  made  durinc  succeasiTe  seaaona, 
by  which  prolonged  obaer^ationa  only  can  we  hope  to  euminate  the  effect  of 
our  TariaMe  aeaaona,  and  to  aniTe  at  tnie  deductions  in  regard  to  the  kind  and 
amount  of  effect  which  thii  or  that  manure  is  fitted  to  prodnoe. 

I  do  hope  that  Mr.  Gardiasr,  who  is  dupable  of  obsenring  so  weU,  and  of 
experimenting  so  aocniasdy,  loU  not  lose  the  opportunity  which  the  preset 
year  will  afibrd  him  of  contmuing  these  important  obsenrauons: — 

1**.  Top-dreasinn  upon  hay,  Covenlea  field  (see  Appendix,  p.  17).  On 
looking  over  this  Mid  at  diiliBrent  times,  and  parocidarly  eariy  last  spring,  the 
square  on  which  nitrate  of  soda  and  bones  mixed  had  been  sown  was  earlier, 
and  of  a  dailter  green  eolevr,  than  any  of  thereat  of  the  fiehl,  and  when  stocked 
with  cattle^  the  portion  top-dreased  was  more  rdished,  and  consequently  alwaya 
eaten  quite  bare. 


3^.  Upon  part  of  the  pleasun 
soda  waa  sown  at  the  rate  (  " 


isura«round — aoil  a  veiy  stiff  blue  clay— nitimte  of 

oflAlbs.  per  acre.    After  this  application  white 

clever  eame  up  Tery  thick  and  atrong,  and  it  was  cutthrw  different  times  with 
*  -.  .^^    ...  ,  ..  .       . 


the  scythe^  and  each  time  it  came  up  stronger  and  thicker  than  the  surrounding 
erass,  whilst,  before  dressing,  it  was  the  weakest,  and  this  season,  I84d,  it  ia 
beilcr,  and  the  portion  dressed  still  easily  diadnguished. 

3<>.  The  field  at  Crook's  &rm  (see  Appendix,  p.  17),  which  had  been  top. 
dressed  with  nitrate  of  soda  applied  on  each  alternate  ridge,  on  being  ploughed  up 
from  hay  stubble  was  found  tougher  upon  the  dressed  ndees,  the  grass  rooU 
.  being  stronger  and  deeper  in  the  soil  of  those  ridges  which  had  been  dressed. 

4^.  At  p.  31  of  this  Appendix  an  experiment  upon  moss-oats  is  recorded. 
This  was  sown  down  with  a  mixture  of  grass  and  clover  seeds,  and  cut  for  hay 
this  season,  1842.  In  examining  the  hay  crop  some  of  the  dressings  on  the  oau 
of  last  year  seemed  to  have  had  a  good  effect  on  the  hay  crop  of  this  year.  Nos. 
1  and  9  were  the  worst  of  anv ;  No.  3  very  little  better,  rather  more  clover ;  No. 
4  excellent,  veiy  thick  of  red  and  white  clovers  and  rye-eraaa,  and  the  hay  was 
of  a  good  quality ;  No.  5  a  little  better  than  No.  3,  but  ftr  fh>m  being  equal  to 
No.  4 ;  No.  6  the  best  of  any,  full  of  red  and  white  clovers  and  lye-grass,  and 
had  three-fourths  more  hay  upon  it  than  all  the  others,  except  No.  4 ;  No.  7  not 
better  than  the  undressed ;  Nos.  6  and  4  presented  a  most  remaricable  appearance 
compared  with  the  others,  and  any  person  seeing  them,  and  not  knowing  the 
arcumstances  of  the  case,  would  nave  said  that  these  two  portions  only  had 
been  cultivated,  whilst  the  rest  had  been  left  in  a  state  of  nature.  After  bcang 
cut  for  hay,  the  aftermath  of  these  two  portions  still  presented  the  same  diffinence 
of  appearance  in  the  sward,  and  they  continue  of  a  better  colour. 

A.  F.  QARniKBK. 

OBiraXAL  SBKARKS  ON  TBS  ABOTS  XXPEKIXBim   OF   1842. 

However  valuable  the  above  experiments  may  be,  and  however  inteieaiing 
&e  results  to  which  some  of  them  may  appear  to  lead,  it  is  of  importanos  to 
bear  in  mind — 

1^  Thattheyaretheresultsonlyof  a  single  season,  and  that  a  remarkably 
dryone. 

v^.  That  the^  show  the  eieot  of  the  substances  employed  in  certain  localitisa 
onhr^-the  locahties  differing  in  the  nature  of  their  soit-in  their  distance  fimn, 
and  height  above,  the  sea— and  in  the  average  foil  of  rain  to  which  they  are 
subject.  ^  ' 

3*.  That  the  results  are  obtained  by  trials  upon  certain  varieUa  of  each  crap 
otitfj  and  may  not  be  obtained  even  on  the  same  spots  with  other  Tarietie»-of 
turnips  for  eiample,  of  potatoes,  oats,  wheat,  or  bailey. 

«••  And  that  ather  causes,  not  yet  noted,  nay  haie  exiited  of  ( 

I  ;iniii7R(]  nv  'v^  j  v  yv 


"5^ 


A^  miy  ttraaniwn  mil 


I  to  fvanBl  iIm  exaa  nralta  IhMii  teiof  obomd  iipon  •  np^^ 
tjOMarimeat. 

9^.  Above  all,  it  most  be  borne  in  mind  that  we  are  yet  ip  the  firsf  in£uicy  of 
^eeorato  ezperimeatal  agiicukure—that  it  will  take  many  caieful  xepetitiona  of 
oar  ezperimenta  before  we  ean  eliminate  the  effects  of  the  aeaaon*-^  the  alti- 
tude of  our  fima,  their  distance  from  the  sea,  the  fidls  of  rain  to  which  they 
am  sabject,  and  the  kind  of  soil  of  which  they  consist.  In  the  mean  time  our 
most  caieftil  dedoctions  most  be  considered  as  pearUal  only,  and  as  opoi  to  douH 
— as  Acts  by  the  eombination  and  comparison  of  which  we  are  hereafter  to  ar- 
rive at  more  general  truths. 

With  these  preliminary  obserrationa,  I  turn  to  the  experim«nt«  tlwm«elTi 


A. — The  experimenti  nfon  himips. 

The  first  series,  those  of  Lord  ^lantyre— except  the  general  answer  Aat  taUm 
mtitUmces  cannot  rtjfUue  farmHtford  manure— ^ftot^  no  very  satitfbctoty  results. 
They  exhibit,  indeed,  some  striking  drcumstanoes— such  as 

1°.  That  100  lbs.  of  salt  per  acre  may,  in  a  dry  season,  reduce  the  natural  or 
unaided  produce  of  turnips  one-half— and  that  the  same  weight  of  nitrate  of  soda 
may  reduce  it  one-fourth. 

xP,  That  in  such  a  season  as  much  as  16  cwt  of  npc-dust  per  acre  may  be 
applied,  one-half  drilled  in,  and  one-half  as  a  top-dressing,  vjUhmUfrpducbng  any 
$tngU)U  bme/U, 

3°.  That  the  same  may  be  the  case,  if  eight  cwt  of  rape-dust  be  drilled  in, 
and  half  a  cwL  of  nitrate  of  soda  be  afterwards  applied  as  a  top-dressing — 
while  if  the  same  weight  of  common  salt  be  used  as  a  top-dressing  instMd* 
the  crop  will  be  increased  one-halt 

These  results,  are  too  anomalous  to  be  considered  for  the  present  as  mora  than 
accidental  They  may  possiblv  be  explained  either  by  the  different  degrees  of 
moisture  of  the  several  parts  or  the  field  in  which  the  mixtures  were  applied— 
or  on  the  supposition,  which  is  very  proboble,  that  in  the  coneentrated  state 
same  of  thete  saUne  substances  are  mare  kurt/ul  to  the  growing  flani  tham  others. 
It  is  to  be  regretted  that  the  season  was  so'  unpropitious  to  this  series  of  experi- 
ments, for  though  the  following  experiments  of  Mr.  Fleming  afford  some  valuable 
information,  ftmher  knowledge  sull  is  Mranted  in  regard  to  the  relative  eficts  of 
different  saline  sutfstances  upon  the  growth  of  turnipSt  where  no  ^nnentiole  ma- 
nure is  applied. 

4^.  In  tJiese  experiments,  a  strikinfi:  contrast  is  presented  between  the  sheets 
of  rape-dust  and  those  of  guano.  16  cwt.  per  acre  of  the  former  gave  only  3| 
tons  of  turnip  bulbs,  while  8  cwt.  per  acre  of  the  latter  gave  5  tons.  It  appears, 
therefore,  that  rape-dust  requires  moist^  weather  or  occasumal  rain,  wkUe  gtutna, 
oven  in  very  dry  seasons,  will  produce  a  considerable  effect.  This  is  consistent  with 
what  we  know  of  the  employment  of  the  latter  substance  as  a  manure  on  the 
arid  plains  of  Peru. 

11.  The  next  four  series  of  experiments,  those  of  Mr.  Fleming^  are  rich  in  re- 
sulu  and  suggestions. 

1^.  JJmiis  of  ffrpr.— The  first  observation  which  a  careftil  wmination  of 
them  will  lead  the  reader  to  moke— and  it  appeare  to  me  to  be  a  veiv  impoitont 
one  in  reference  to  all  future  experimenU  or  this  kind^is  suggested  by  the  se- 
eond  series— those  upon  early  yellow  Uimxps,  p.  44. 

In  this  series  there  are  included  two  ploU  (Nos.  6  and  18),  upon  whiph  no 
maiwre  was  used.  Upon  one  of  these  the  produce  amounted  to  vt  tons  17  C¥rt, 
upon  the  other  to  11  tons  8  cwt  only— being  a  difference  of  1|  tdns,  or  one- 
oghth  of  the  whole.  This  difference  between  two  eoual  portions  of  the  same 
filSd,  ajmarenay  simikr  in  soil,  could  scarcely,  I  thiidc,  have  been  anticipated, 
and  it  shews  that-— iffAcrv  ike  produce  obtained  by  the  appUcatum  of  tuo  wUike 
,  to  this  twmipcs^p,  does  not  difir  man  than  U  Umperaon,  thssffecU 
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iffiketwamimuramafbecdnsUend  «f  ^odtcoSy  <9Ml->sinoe  diis  amouiit  of 
aiiTerence  ipay  have  arisen  from  the  unlike  qvialiues  of  the  two  plots  of  land,  to 
which  the  manures  were  reapectively  apnliea. 

This  is  an  important  practical  rule  for  enabling  us  to  judge  accnimtely  in 
regard  to  the  true  effect  of  the  several  manures  employed  in  the  series  of  experi- 
ments (p.  44)  referred  to,  but  the  fiict  itself  suggests  also  an  important  modifi> 
cation  in  the  mode  of  eonductmg  all  similar  compamtive  experiments  in  fotnre. 

In  my  previously  published  Suggestions,  I  have  recommended  the  setting 
apart  of  one  undressed  portion  only  of  the  field  on  which  the  trials  were  made — 
considering  that  the  produce  of  this  Dortion  would  represent  the  average  fertility 
of  the  whole  undressed  part  of  the  neld.  But  these  experiments  of  Mr.  Flem- 
ing seem  to  shew  that  this  opinion  cannot  safely  be  entertained.  It  appears  to 
be  necessary,  therefore,  in  all  future  experiments  from  which  accurate  deduc- 
tions are  intended  to  be  drawn — that  tiro  undressed  plofs^  at  least,  skmdd,  in  each 
case,  be  measured  out,  and  their  rdative  produce  ascertaxned,  in  order  to  afford  a 
trust-wohhy  averaee  of  the  unaided  fertility  of  the  land. 

Suggestion  I. — For  the  clearing  up  of  this  point,  however,  it  would  be  very 
desirable  to  institute  a  series  of  weighings  of  the  produce  of  equal  portions  of 
land,  in  several  different  parts  of  the  same  field,  tne  whole  of  which  iias  been 
tilled  and  manured  in  the  same  way.  This  would  throw  some  certain  and  sat- 
isfactory li^ht  upon  the  amount  of*^  variation  which,  finom  natural  causes,  may 
take  place  in  the  same  crop,  grown  upon  different  parts  of  the  same  field,  and 
under  the  same  circumstances.  We  should  thus  be  enabled  to  allow  for  the 
influence  of  natural  causes  upon  the  results  of  such  experiments  as  are  made, 
with  the  view  of  determining  the  true  action  of  the  different  manures  we  apply. 

Su^estion  11. — But  if  some  slight  difference  in  the  soil,  which  the  eye  cannot 
detectToe  capable  of  materially  affecting  the  natural  produce  of  the  unmanured 
parts  of  a  field^  it  may  also  bo  sufficient  to  modify — that  is,  to  increase  or  to 
lessen — the  effects  produced  by  the  saline  and  other  manures  we  apply  to  the 
different  parts  of  the  same  fiela.  It  suggests  itself,  therefore,  as  the  more  pru- 
dent and  wary  course  of  experiment  to  dress  two  plots  at  least  with  each  of^  the 
manures  whose  relative  virtues  we  are  desirous  of^testing,  and  these  in  different 
parts  of  the  piece  of  land  upon  which  our  trials  are  made.  The  mean  produce 
of  the  two  or  more  plots  we  thus  dress,  compared  ¥ath  the  mean  produce  of 
those  to  which  no  dressing  has  been  given,  will  indicate  more  nearly  the  aver- 
age effect  of  the  manure  we  have  been  trying,  upon  the  given  soil  and  crop. 

The  reader  will  perceive  in  the  new  precautions  thus  indicated,  one  of  those 
practical  results  which  year  by  year  will  necessarily  fiow  from  the  continuation 
of  the  tmin  of  inductive  expenmental  research,  now,  I  hope,  fkirly  entered  upon 
by  the  practical  agriculture  of  our  country. 

2^.  &iui9k7.— Among  the  other  experiments  upon  turnips  here  stated,  those 
upon  guano  are  the  most  practically  successful    Thus,  per  acre,  without  any 
fiurm-yard  manure 
3   cwt  of  guano  alone  gave  23  tons  8  cwt  of  Swedes  (p.  44)- 

ao  bShd.'STo^^ !  » '<>»•  «  ^  ^^<^  »«~     •     (P-  **)• 

6   cwt.  of  guano  alone  32  tons  15  cwt.  of  WkUe  Globes  (p.  46). 

3i^  cwt  do.  20  tons   0  cwt  of  Yellow  i^  White  mixed  (p.  46). 

3|  cwt  do.  28  tons   0  cwt  oi  PwrpUiopped  Yellow  (p  47;. 

These  results  are  very  mtifying,  since  they  seem  to  shew  that  for  the  turnip 
crop  this  light  and  portable  manure  may  be  substituted  with  safety  for  fozm- 
3raxd  dung.  But  they  are  more  gratifying  in  connection  with  the  large  reduction 
which  has  lately  taken  place  in  the  price  of  this  substance.  In  none  of  the 
cases  above  mentioned  did  the  quantity  applied  exceed  5  tons  per  acre.  This 
quantity  may  now  be  purehased  for  three  guineas,  though  when  these  experi- 
ments were  undertaken  it  cost  jCG  5s. 

It  is  no  small  matter  of  congnUnlatioD,  that  this  important  ndufltion  has  bsen 
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mainly  brouA^t  about  by  the  ezpretsion  of  actentilk  optnion.  and  by  the  nadi- 
neM  with  wMch  various  penons,  manuie>mana(Bcturen  and  othen,  have  put 
in  practice  the  miggeetions  contained  in  the  pieoedin^  part  of  this  A  ppendix 
(p.  86),  for  the  formation  of  an  artificial  mixture  in  unitation  of  the  natural 
guano.  The  ibar  of  competition  produced  its  natural  effect  upon  the  market, 
and  led  the  BBporters  of  this  substance  to  content  themselves  with  a  smaller 
profit  It  is  to  be  hoped  that  the  more  extended  sale  which  has  fi>llowed  the 
reduction,  wiU  leave  the  spirited  merchants  who  first  brought  it  into  the  country 
no  reason  to  regret  the  dmiinution  in  price.  The  benefits  which  the  practical 
apiculturist  derives  firom  one  such  reduction  as  this  are  not  all  at  first 
sight  perceptible.  The  demand  for  guano  has  so  greatly  lessened  the  call  for 
rape-dust,  that  it  has  also  fidlen  in  price  from  £Sto£6  10s.  |>er  ton.  Thus 
ramified  and  extended  are  the  results  of  a  single  chemical  inyestigation— or  the 
publication  of  a  single  well-founded  scientific  opinion. 

3^.  Artifiddl  Ouano. — In  connection  with  this  subject  it  is  important  to  as- 
certain to  what  extent  the  attempts  to  manu&cture  a  substitute  for  the  natural 
guano  have  been  attended  with  success— in  so  far  as  the  turnip  crop  is  concern* 
ed.  The  only  comparative  results  which  the  above  experiments  onsent,  are  the 
following — ^those  upon  Swedes  being  obtained  by  the  use  of  3  cwt  of  eaeh 
mixture,  those  upon  the  yellow  and  white  turnips  by  the  use  of  5  cwt  of  each : — 

Swede*.  Burly  YeHow.  White  Globe. 

1^.  Nothing  ...  IS  tons  5  cwt  12  tons  17  cwt  ~  tons  —  cwt 
30.  Natundguano  .    23    "    8   "      38    "      9   «      33    "    15   " 

3<».  Baiochan  artificial  guano  17    "  14    «      84    "      8   "      82    "    10   " 
4°.  TumbuU's  arUficial  guano  14    »'  11    "      21    "      4   «      —    "   —   " 

These  results  show  that,  when  eaual  quantities  are  employed,  equal  results 
are  not  obtained  from  the  natural  guano  and  from  the  artificial  mixtures. 
It  also  appears  that  Mr.  Fleming's  mixture  is  much  more  eflicacious  than  that 
of  Mr.  Tumbull.  They  are  made  up,  with  some  modifications,  after  the  recipe 
given  in  the  preceding  part  of  this  Appendix  (p.  36^,  but  are,  no  doubt,  suscep- 
tible of  improvement  It  is,  indeed,  one  of  the  indirect  benefits  which  will  re- 
sult from  the  introduction  of  this  foreign  manure,  that  it  will  stimulate  to  expe- 
riments, by  which  we  shall,  no  doubt,  at  last  successfully  imitate  it—and  will 
lead,  at  the  same  time,  to  a  more  general  and  thorough  understanding  of  the 
principles  upon  which  mixed  manures  ought  to  be  compounded,  ana  of  the 
mode  of  preparine  them  with  the  greatest  possible  economy-  Many  crude  mix- 
tures may  be  made  at  first,  by  dealers  in  manure  and  others,  and  many  instan- 
ces of  want  of  success  may  occur,  but  now  that  we  have  adopted  the  system  of 
recording  retuUSj  whether  apparently  Sficcessfid  or  the  contrary ^  there  is  httU  fear 
of  our  arriving  at  satisfactory  and  economtcal  truths  at  last. 

Suggestion  III. — In  experiments  made  for  the  purpose  of  aiding  the  real  ad- 
vance of  scientific  agriculture,  I  would  suggest  that  no  mixture  should  be  used  of 
which  the  composition  is  not  exacUv  knoten — which,  therefore,  has  not  been  either 
made  by  the  experimenter  himsdf  or  by  some  dealer  upon  whose  honor  perfect 
reliance  is  to  be  placed.  The  use  of  the  random  mixtures  now  sold  under  so 
many  different  names,  however  successAil  they  may  be  in  this  or  that  case,  can 
never  lead  to  the  discovery  of  useful  agricultural  principles,  and,  therefore,  are 
unworthy  of  the  attention  of  the  cultivator  of  inductive  expermental  agricuUure, 

4^.  Sulphate  0/*  ammonia.— These  remarks  lead  me  to  notice  the  effect  ascrib- 
ed in  Mr.  Flemmg's  second  table  (p.  44),  to  sulphate  of  ammonia— one  cwt 
of  which  neariy  doubled  the  crop.    Thus— 

The  unmanured  soil  gave  18  tons  17  cwt 

With  1  cwt  of  sulphate  of  ammonia       84    "    11    " 

This  is  exactly  equal  to  the  effect  produced  by  15  cwt.  of  rape-dust  at  a  cost  of 
^  lOs.  But  the  sulphate  of  ammonia  here  employed  was  that  prepared  by 
the  Messrs.  Tumbull,  of  Glasgow— which  is  not  merely  sulphate  of  ammonia, 
but  a  variable  and  undetermined  mizbu/re.    It  is  pr^i^^„fr^9U^m^  and  I  be- 


Mmm  is  tfmtaiiiiBaled  alao  with  a  womdmnisUfi  fnopoitMm  of  aiJiiie  aubttaoeai 
aitifieally  added  to  it  That  it  oontaiiM  many  mibpanoea  lubftil  to  plaato  thero 
can  be  no  doobt,  and  that  it  may  nova  a  Taiuabla  manoia  ia  Qxceodui|;ly  pro- 
bahte,  but  undgr  its  prtteiU  mmte  It  €aa  only  leid  to  fiUae  dedoctioni  in  exp^ 
rimenial  agiicultun— and  the  nee  of  it,  thetefine,  in  companuive  tzials  each  as 
theeewearenowdiaeuMiag,  oagfattobewroided.  Ititoaly,«aIhaYBali«ady 
■aid,  from  the  ue  of  pwe  ■obetanoes  mixed  in  known  ^jxNrdone,  that  valna- 
ble,  beeauee  vadoabted,  oonoluaione  oea  be  drawn.  It  la  in  Yain  to  attempt  to 
eUmhtate  die  efiecta  of  divenity  of  soil  and  climate,  if  new  cauaes  of  direxsity 
aw  introduoed  by  the  very  aabatanoee  with  which  our  enperiraeota  axe  made. 

5^.  Bona  disuhed  ta  fmiriati£  aeid. — The  action  ef  mmes  ia  not  in  eenend 
exhausted  in  a  single  season.  If  th^  «pe  in  the  state  of  fine  dust,  they  oacom- 
pose  mora  quickly  and  oease  to  act  in  a  ahoner  epsce  of  time.  By  dividing 
them  still  mora  minutely,  or  by  solution  in  an  acid,  it  has  been  thouaht  that 
their  appaxem  eficacy  ought  be  increased.  Mr.  Fleming,  in  1641,  maae  some 
expecimeats  which  seemid  to  justify  this  conclusion.  In  the  present  tables 
other  resulu  are  exhibited,  which  favour  the  same  opinion.  I  place  together 
here  the  results  apon  potatoes,  as  well  as  upon  tuznips,  for  the  poipose  of 
eompaiisoii:— 

Bam-drntL.        BonainimnaUcaad, 

16  CWT.  18  OWT.  3  CWT.  10  OWT. 

toDt.  cwt      Uwc  cwt.     tons,  ewt     tons.  cwL 
Swede  Turnips  14    17       —    —       —    —       18    11 

White  Don  Potatoes  .       —    _         9    15       19    16       _    — 

These  vesuks,  the  only  ones  contained  in  our  tables  which  can  be  compared 
together,  are  both  greatly  in  favour  of  the  dissolved  bones,  in  so  &r  as  the  action 
u])on  the  JirU  crop  is  coneemed.  It  will  require  longer  observation  to  deter- 
mine in  whii'Ji  form  the  same  weight  of  bones  will  produce  the  more  lasting 
effeota — and  will  be  the  more  economical  on  the  whole. 

6°.  NUraU  o/ soda.— Tht  effect  of  1  cwt  of  this  salt  per  acre  upon  the  early 
yellow  turnip  is  very  remarkable  (p.  44),  having  given  upwards  of  27  tons  of 
bulbs,  at  a  cost  of  2m.  It  is  to  be  regretted  that  no  similar  experiment  is  re- 
corded upon  the  other  varieties  of  turnip,  either  by  Mr.  Fleming  or  bv  Mr.  Al- 
exander. In  the  text  (Lecture  XV.,  p.  ^5  to  p.  343)  an  abstract  of  all  the  [mb- 
lished  results  hitherto  obtained  by  the  use  of  nitrate  of  soda  will  be  found  in  a 
tabulated  form. 

7*.  Lime, — ^An  interesting  result  in  Mr.  Fleming's  first  table  may  hereafter 
lead  to  some  satis&ctory  experivuiUal  determinations  of  the  points  ooosidersd 
still  doubtful  in  regard  to  the  form  in  which,  and  the  time  when,  lime  nwy 
be  most  efficaciously  applied,  in  reference  to  the  culture  of  partieular  cropa.  Eta 
caused  carbonate  of  lime  and  caustic  (newly  slaked  p  lime  to  besown  intha 
drills  without  manure,  and  the  effect  upon  the  crop  of  Swedes  was  as  follows : 

Soil  unmanured 13  tons  5  cwt. 

Carbonate  of  lime,  30  bushels        .        .        16     **  11    " 
Caustic  lime,  50  bushels  11     "    8   " 

The  immediate  effects  of  lime  applied  in  these  two  forms  was  very  different— - 
the  caustic  lime  lessened  the  turnip  crop,  white  the  carbonate  increased  it  by 
4f  tona  This  effect  most  probably  arose  from  the  lime,  in  its  caustic  state, 
taking  from  the  soil  the  carbonic  ana  other  organic  acids  from  which  the  roots 
in  the  early  infimcy  of  the  plant  would  have  dnived  a  portion  of  their  nouriah- 
ment,  and  tlius  retarding  and  stunting  their  frowth.  At  all  events  the  experi- 
ment seems  to  indicate  that  lime  ought  to  be  m  the  state  of  carbonate— the  mild 
state — ^more  or  less  entirely,  if  it  is  intended  to  benefit  the  crop  to  which  it  is 
immedistely  applied.  When  mixed  with  manure,  however,  where  vegetable 
matter  abounds  in  the  soil,  or  where  the  lime  is  merdy  harrowed  into  the  sur- 
face—in  all  which  cases  it  will  readily  become,  in  a  great  measure,  saturated 
with  carbonic  acid— the  skiUulikimerwill  understand  that  the  deduction  diawn 
from  the  preceding  experiment  wiU  jwt  spply. 
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8°.  Rape-dusi.-^Th»  votults  exhibited  in  this  year's  experiments,  genenlf  , 
are  not  so  &Tourable  to  the  employment  of  this  substance  as  was  to  he  expect- 
ed. The  reason,  howereri  is,  probably,  that  vhich  has  already  been  snggealed 
in  discussing  the  results  obtained  at  Lennox  Lore— that  rape^dust  remivres  a 
moist  soil  or  occasional  showers.  But  this  itself  is  an  important  probable  deancdon. 
The  reader  will  find  a  comparative  Tiew  of  the  whoM  of  the  results  with  this 
substance  in  the  text  (see  Lecture  XVII.) 

9^.  Animal  Chareoal,--Th9  effect  of  animal  charcoal  upon  Swedes  in  Mr. 
Fleming:'8  eiperiments  it  only  inferior  to  that  of  gaano.  It  is  certainly  desenr- 
in^  of  further  trials,  and  especially  in  comparison  with  what  is  called  exkmusivd 
ammal  charcoal— that  which  has  already  been  used  in  the  refining  of  sugar. 
In  Prance,  the  latter  is  said  to  be  prefemd  to  the  former,  and  to  be  sold  by  the 
sugar  refiners  at  a  higher  price  than  they  pay  fi>r  it  in  the  recendy  prepared 


10^.  Oiker  mixid  manures. — ^In  regard  to  other  mixed  manures,  the  reader 
will  find  much  practical  information  by  the  study  specially  of  No.  3  of  Mr. 
Fleming's  tables,  p.  45 ;  and  of  Nos.  1  and  2  of  those  of  Mr.  Alexander,  p.  46. 
These  are  the  more  worthy  of  the  attention  of  the  practical  man,  since  Mr.  Flem- 
ing considers  fiimself  justified  in  remarking  as  the  general  result  of  the  experi- 
ments in  p.  46,  that  any  of  the  mixtures  used  trill  in  his  land  produce  an  ave- 
rage crop  of  turnips  at  a  less  expense  thanfarm-yaird  mannure.  This  is  the  kind 
of  result  which  it  oughi  to  be  Uie  ambition  of  every  practical  man  to  work  out 
for  himself  upon  his  own  land. 

11°.  i9ure  a!nd  weight  of  bulbs. — Thero  remains  only  one  other  topic  in  con- 
nection with  these  experiments  to  which  space  will  permit  me  at  present  to  ad» 
vert.  In  the  remarks  upon  the  table  inserted  in  p.  44,  it  is  stated  that  the  tur- 
nips on  the  plots  dressea  with — 

Guano  and  wood-ashes — were  pre-eminent  for  size  of  bulbs. 

Sulphate  of  ammonisi — large  in  bulb^  but  soft,  and  h^kt  in  weight. 

Potash  and  lime,  salt  and  Time,  sulphate  of  magnesia,  nitrate  of  soda-*«fui0 
in  bulb,  but  firm  and  solid. 

Bone-dust  and  the  artificial  guanos —both  containing  hoMB^-the  bulbs  firm 
and  solid,  but  not  remarkable  in  size. 

Now  upon  the  solidity  of  the  bulb— other  thines  being  equal — ^it  may  be  pra- 
sumed  that  the  relative  nourishing  properties  of  aifferent  species  of  turnip  will 
materially  depend.  The  quantity  of  water  which  different  specimens  of  the 
same  variety  of  turnip  contain  varies  from  79  to  91  per  cent-Afaat  is,  some  tur- 
nips of  the  same  species  contain  only  four-fifths,  while  others  contain  upwards  of 
wne-tenths  of  their  weight  of  watfr.  In  other  words,  the  same  variety  of  turnip 
may  contain  such  unlike  quantities  of  water,  that  2  tons  grown  on  one  spot 
may  not  contain  more  than  1  ton  grown  in  another.  T%eweigkt  of  bulbs,  there- 
fore, is  no  safe  criterion  of  the  quantity  of  food  raised  on  different  parts  of  the 
same  field — where  the  general  treatment,  or  the  substanoes  applied  to  aid  the 
growth,  have  been  different 

Now  in  the  above  experiments  the  guano  gave  38  tons  of  wry  large,  the  sul- 
fate of  ammonia  94  oi  soft,  and  the  nitrate  of  soda  S7of  smoA  and  soUd  bulbs. 
[t  is  probable,  therefore,  that  the  actual  quantity  of  food  raised  by  the  aid  of  the 
nitrate  of  soda  was  mudi  greater  than  even  bj  the  natural  guano.  It  may  also 
have  been  that  the  14^  tons  of  solid  bulbs  given  by  the  sulphale  of  ma^inesia, 
or  the  13|  raised  fiom  the  land  without  manure  at  all,  mav  have  contamed  as 
much  nutriment  as  the  94  tons  fiisoft  bulbs  raised  by  ^e  sulphate  of  ammonia^ 

Suggestion  IV. — The  bare  possibility  of  sudi  a  cireumstancs  as  the  last, 
shows  now  little  absolute  confidence  we  ean  place  in  the  numerical  results  as 
yet  obtained,  considered  as  evidences  of  the  greater  or  less  t^nount  of  fitod,  which 
the  use  of  this  or  that  kind  of  manure  will  enable  us  to  raise  from  a  given  ex- 
tent of  land.  It  suggests,  also,  the  neeessity  of  a  fiirther  determination  of  the 
relative  quantity  of  water  contained  in  our  experimental  turnip  crops.  This 
will,  without  difficulty,  be  afieeted  by  selecting  three  or  four  toniips  of  different 


fl 
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SUM  ftom  each  Muaple— cutting  a  slice  fiom  either  side,  and  one  from  the  mid- 
dle of  each  turnip — ^weighing  the  whole — drying  them  then,  first  in  the  air, 
afierwards  beforo  a  gentle  fire,  and  lastly  in  an  oven  so  hot  as  not  to  brown  while 
paper  or  dry  flour,  and  then  weighing.  The  loss  being  the  weifibt  of  the  water 
m  the  turnips,  will  enable  the  experunenter  to  determine  the  relatiye  quantities 
of  food  raised  upon  his  difiesent  plots,  and  therefore  the  relative  value  of  his 
difl^oent  applicauons  or  methods  of  culture. 

In  this  suj^gestion  the  reader  will  perceive  another  of  those  precautions  which 
the  prosecution  of  our  ezpeiimental  inquiries  renders  necessary — future  yenn 
will  suegest  others — but  the  increase  of  trouble  will  not  deter  the  zealous  la- 
bourer m  this  important  field — for  the  more  precautions  and  difilculties  multiplT, 
the  greater  the  honour  will  be  to  thoee  who  by  persevenuioe  shall  sucoessfiiHy 
overcome  them. 

B.'^Tke  Experimenis  upon  P€UU4te$, 

Nearly  aU  the  experiments  in  the  first  table  of  results  (p.  48)  were  made  with 
mixed  manures. 

1°'  Ouano  and  rape-dvsl, — ^Among  these  the  effect  of  guano  is  ijgain  strikiiig, 
and  upon  two  of  the  varieties  greatly  exceeds  that  of  ra^^ust  Aus,  the  pro- 
duce of  the  three  varieties  tzied  was — 

WhU«  Don.  Red  Don.  Coonauijlit  Cups. 

Unaided  soil  .        .        .1  tons  1  cwt        6  tons  15  cwt.        5  tons  15  cwt. 
With Scwt guano.       .  18    "      9  "       —    "     —  «       —    «      —   « 
With  4  cwt.  guano.        .-     «    —  «        14    "      6   «        13    «      14   « 
Vith  1  ton  of  rape-dust .  IS    "      6  "        10    "       0   "        13    ««        0   " 

We  are  not  enabled,  by  the  experiments  before  us,  to  compare  its  efiect  with 
that  of  farm-yard  manure. 

A  curious  question  sufflpests  itself  upon  the  inspection  of  the  above  numbers 
tjceiy  have  arisen  in  our  mmds,  had  not  differences  such 


I  which  could  scarce] 
as  the  above  presented  themselves  among  the  results  of  our  experiments. 
Nothing  is  more  common  than  to  ask  which  of  several  varieties  of  potato  is  the 
more  prolific — and  a  practical  man  who  has  made  the  trial  has  no  difficulijr  in 
giving  an  immediate  answer  to  the  question.  But  the  experiments  of  Mr.  Flem- 
ing seem  to  say  that  tAe  relalwe  leeigkl  of  crop  yielded  by  each  of  two  or  more  iw- 
riaies  of  potato^  depends  ^tmm  the  way  in  which  'you  treat  or  manure  them.  With 
one  treatment  a  variety  (A),  with  another  a  variety  (B),  will  give  the  heaviest 
crop.    Thus,  our  three  vaneties  gave  with — 

White  Don.  Red  Don.  Connaufhf  Cope. 

Natural  guano   .    18  tons    9  cwt       14  tons    6  cwt.        13  tons  14  cwt. 

Rape^ust  .        .    12    "      6  •'  10    "      0    "  13    "      0    " 

Both  substances  agree  in  sa3ring  that  the  white  is  considerably  more  prolific 
than  the  red  Don.  But  while  the  guano  adds  that  both  Dons  are  more  proUfie 
than  the  Cups,  the  rape-dust  pronounces  the  latter  variety  to  be  superior  to  either 
of  the  former.  Now  it  may  have  happened  tJiat  in  the  fast  case  of  the  three,  the 
rape-dust,  fipom  some  circumstance  not  noticed,  may  have  acted  better  than  in 
the  other  two  oases,  and  that  in  this  way  the  discordance  may  have  arisen.  Un- 
fortunately, however,  there  are  upon  record  no  other  expenments  made  u|)on 
any  two  of  the  varieties  of  potato  with  other  substances  used  in  Like  propoition 
— by  which  this  question  might  have  been  in  some  measure  solved.  But  the 
interesting,  and  as  it  may  hereafter  prove,  important  inquiry  sugeests  itsetf— 
what  is  the  order  ofrdative  productiveness  of  the  several  varieties  of  tie  same  euUi' 
vaied  plant,  when  thetf  are  severally  dressed  or  mamured  with  this  or  with  thai  sub- 
stance? This  question  will,  no  doubt,  hereafter  lead  to  extended  series  of  venr 
refined  experimental  inquiries,  firom  which  not  only  much  knowledge  but  mucn 
practical  benefit  may  be  derived. 

Suggestian  K— It  maybe,  for  instance,  that  a  given  variety  of  potato,  turnip, 
oat,  barley,  Ac,  is  more  valuable  as  food,  more  agreeable  to  the  taste,  or  brings 
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a  better  j>rice  in  the  market-4>ut  by  the  ordinary  modes  of  cuUuxe  it  the  leaat 
producUTe  of  those  generally  cultivated.  It  would  then  be  not  only  an  interest* 
ing,  but  an  important  economical  question  to  ask— could  tlus  variety  be  render- 
ed more  productive  by  a  different  mode  of  treatment— one  especially  adapted  to 
its  own  nature  1  Would  the  practical  man  not  rejoice  to  think  that  such  a  result 
could  be  brought  about  by  the  aid  and  suggestions  of  science  1  Yet  this  is  the 
result  to  which  the  refined  series  of  experiments  suggested  by  the  question 
above  proposed  may  possibly  lead. 

May  I  venture  to  nope  that  some  of  ray  more  zealous  readers  will  be  induced, 
during  the  present  or  succeeding  summer,  to  make  trials  of  the  relative  effects 
of  the  same  saline  or  other  known  substances  and  mixtures,  upon  different  vane* 
ties  of  the  same  crop — of  potatoes,  turnips,  wheat,  &c.,  in  circumstances  other- 
wise equal,  in  some  such  form  as  the  following : 

VariOfA.         VmUtyB.  Varied  a        Variefy  D.  Variety  E. 

Bubstsneei.  Bobttences.  Babslaaces.  Bobstaaoes.  SubMaMS. 

A.  I  B.  I  C.  A.  I  B.  I  C.  A.  I  B.  I  O.  A.  |  B.  |  C.  A.  |  B.  |  C. 

Tha  imqHs  if  carefoUjr  ascertained  are  Biira  to  lead  lo  good,  if  they  should 
not  be  saeeessftd  at  onee  in  solving  the  problem  above  proposed. 

39,  SsHdity  and  size  &f  the  jtoUUoes. — ^Nothing  is  said  m  the  observation  of 
Mr.  Fleming,  or  his  overseer,  in  regard  to  the  size  or  solidity  of  the  different 
varieties  of  potato,  or  of  the  different  samples  of  the  same  variety  on  which  the 
axperiments  were  made.  Yet  in  connection  with  the  remarks  1  have  already 
offered  upon  these  qualities  of  the  tnmip,  it  is  proper  to  add  that  the  potato  ib 
sabject  to  similar  variations  in  the  proportion  of  water  it  contain*— and,  there- 
fore, in  the  relative  amount  of  nounshment  capable  of  being  afforded  by  equal 
weights  of  its  different  varieties. 

S^me  potatoes  contain  less  than  70,  others  upwards  of  SO  per  cent  of  water, 
so  that  while  100  tons  of  one  sample  will  give  only  90  tons  of  nourishment,  the 
same  weight  of  another  will  give  30>tons,  or  one  half  more.  In  genend,  such 
SB  grow  on  heavy  or  clay  soils,  or  such  as  are  less  ripe,  contain  the  most,  while 
those  which  have  been  planted  upon  sandy  spots,  or  are  fully  ripe,  contain  the 
least  water.  But  Uie  effea  produced  by  different  soils  we  begin  now  to 
see  may  be  produced  by  di^erent  methods  of  dressing  or  meiHeoHng  our  crops 
also. 

Suggestion  F/.— It  would  be  interesting  to  determine,  therefore,  by  actual 
experiment,  the  relative  proportions  of  water  contained  in  the  produce  of  the 
several  experimental  patches  of  potato  ground  upon  the  same  field,  when, 
equally  ripe,  or  when  dug  up  on  the  same  day.  This  would  afford  us  the 
means  of  approximating  still  more  dosdy  to  the  trae  toonffmieaL  action  of  oar 
diffSnent  manures  upon  the  potato  crop.  It  may  turn  out  that  in  certain  cases 
the  increase  of  produce,  as  indicated  by  a  greater  weight,  is  only  apparent, 
while  the  inereased  amovnt  of  food  raised  may  in  other  cases  be  considerable, 
though  the  balanoe  indicates  no  incveaae  of  wei^L 

Did  we  know  the  reladve  proportions  of  water  in  the  several  samples  of  the 
three  varieties  of  potato  raised  by  Mr.  Fleming  by  the  aid  of  guano,  and  of 
rape^ust,  already  compared  together,  our  conclusion  in  regard  to  their  relative 
productiveness,  when  treated  by  either  substance,  might  m  materially  altered. 
I  hope,  therefore,  that  this  point  also  will  hereafter  anest  the  attention  of  some 
of  our  experimentalists, 

4^.  Permofnent  efeeU  of  saline  numwres  on  ike  fiU/u/re  productiveness  of  4ha 
seed. — Recommending  to  my  practical  readers  a  careAil  consideration  of  the 
effects  of  an  admixture  of  wood-ashes  with  the  several  dressings  applied  to  the 
turnip  and  potato  crop,  I  pass  on  to  the  two  following  series  of  experiments 
with  saline  manures  upon  the  potato  crop,  as  given  on  p.  49.  These  two  series 
are  well  conceived,  and  the  results  very  instructive.  Of  these  results  the  one 
which  seems  to  me  most  deserving  of  the  attention  of  the  practical  man  is  com- 
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tained  in  a  few  wonb,  tbrast  in  as  it  wen,  among  the  nmaika  appended  to  the 
table  (1^,  p.  49.)    In  the  later  printed  copies  I  EsTe  caused  them  to  be  pat  in 


tained  in  a  few  woida,  thrast  in  as  it  were,  among  the  remaikB  appended  to  the 
table  (1^,  p.  49.)  In  the  later  printed  copies  I  EsTe  caused  them  to  be  pat  in 
itaUa,  witn  the  view  of  bringing  them  into  notice.  If  the  reader  will  torn  to  p. 
20  of  this  Appendix,  he  will  find  a  rei^arkable  experiment  recorded,  in  whica. 


by  top-dressmg  well -manured  potatoes,  with  a  mixture  of  i  of  nitrate  and  |  of 
sulphate  of  soda,  the  enormous  crop  of  30  tons  an  acre  was  obtained  from  the 
small  plot  experimented  upon.  Some  of  these  potatoes  were  kept  for  seed,  and 
planted  alongside  of  others  of  the  same  variety,  which  had  not  been  so  drrased, 
and  the  resiut  is  stated  in  the  few  words  above  refenned  to—"  TVse^ost,  umder 
the  same  treaiment  in  every  respect,  did  nd  produce  so  good  a  crop  by  15  boUs  (3| 
tons)  per  acre," 

In  so  &r,  therefore,  as  this  experiment  is  to  be  relied  upon — ^for  we  mast  not 
be  hasty  in  drawing  general  conclusions — ^it  appears  that  the  benefit  to  be  de- 
rived from  a  sldlfm  treatment  of  the  potato  plant  does  not  terminate  with  the 
mater  immediate  crop  we  reap,  but  extends  also  into  future  years,  improving 
Uie  seed  and  rendering  its  after-culture  more  productive. 

Suggestion  VII. — This  idea  is  worth  pursuing,  were  it  on)v  for  the  poipoae 
of  making  out  the  possible  existence  of  so  impoitant  a  physicMogical  law — ^now 
much  more  when  it  appean  lo  pregnant  with  impcMtant  practical  results.  But 
thus  it  is  in  all  cases,  taat  the  prosecution  of  experimental  research,  with  im- 
mediate reference  either  to  purely  scientific  or  to  purely  practical  remits,  ends 
in  improving  and  benefitting  both  abstract  science  and  economicsl  pracdoe. 

I  am  unwitting  to  fellow  out  or  to  reason  upon  this  possible  law,  as  if  it 
were  really  established;  but  the  possibility  of  its  tnith  appears  to  throw  light 
upon  such  questions  as  this— why  the  seed  must  occasionally  be  ohan|ged  if 
large  crops  ore  to  be  continually  reaped.  One  soil  may  be  adapted  to  give  the 
plant  a  large  supply  of  this  or  that  substance  in  which  the  other  soil  is  com- 
paratiTely  defiaent^  and  it  may  be  possible  to  medicate  our  seed-oom,  while 
growing,  so  as  to  give  it  the  qualities  which  at  present  it  can  acquire  only  by  a 
chance  of  soiL 

AUthis,  however,  can  be  only  determined  by  experiment,  and  the  intelligem 
reader  will  net  feil  to  be  struck  with  the  remarkablerichnessof  these  first  Inals, 
in  sugmtioni  for  future  carefully  conducted  experimental  researches. 

5^.  Utno  sk&uldsaHne  tnanniresbe  appHed  to  Ae potato  crsp^-Ought  they  to 
be  mixed  with  the  manure,  or  to  be  applied  as  a  to|)-dressing  1  Mr.  Fleming's 
experiments  do  not  fiUly  solve  this  question ;  because  the  soil  on  his  two  fieUs 
was  very  unlike  in  quuity.  Thus  with  manure  alone  the  one  field  produced 
12  tons  15  cwt.,  the  other  only  8  tons  17  cwt  per  acre.  A  perfectly  salisfeotoxy 
solution  of  the  question  can  faie  obtained  only  by  experiments  with  the  same  sub- 
stanees,  upon  the  same  soil,  and  with  the  same  variety  of  potato.  Yet  the  experi- 
ments now  before  us  add  considerably  to  our  knowledee  upon  this  point|  and 
such  of  Ihem  as  are  capable  of  being  compared  together  are  much  in  favour 
of  mixing  the  saline  wiaUmca  with  the  mamtire.  Thus  apj^ed  in  nearly 
equal  proportions  by  both  methods,  nitrate  of  soda,  sulphate  ot  magnesis,  and 
sulphate  of  ammonia,  gave  the  following  results : — 

naST  FIBLD.  SBCOHD  WOMJO. 

Top-dremed.       Mixed  with  nanors. 
tons,    cwt  tons,    cwt 

Manure  alone IS      15  8    17 

Nitrate  of  soda 16        0  IS      7 

Sulphate  of  magnesia     ....    13        5  117 

Sulphate  of  ammonia     .    .    .    '.    14      10  13      7 

Tht  froportioTuUe  increase,  therefore,  in  these  three  cases,  is  greatly  in  fe.voiir 
of  mixing  with  the  manure,  but  something  may  depend  upon  the  soil  and 
season ;  and,  therefore,  other  experiments  are  necessary  before  we  can  draw  a 
general  conclusion.  It  may  prove  that  some  act  better  when  applied  in  the  one 
w^  and  some  in  the  other, 
o^.  SulphaU  of  soda.'-Wiih  this  substance  applied  in  either  way,  the  singtt- 
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Uor  and  eoDflMtent  rasoU  Vu  obtained  that  3  cwt  p«r  acre  caused  no  alteration 
whaterer  in  the  weight  of  the  produce  upon  either  of  the  two  on  which  the  tiialf 
were  made.    Of  the  reepecttTe  quaUties  of  the  crops  nothine;  ia  stated. 

7^.  Sulphate  vrith  nitraie  of  soda. — The  above  result  with  sulphate  of  soda 
alone,  is  the  more  temvkable  from  the  known  effect  produced  by  this  and  other 
sulphates  when  mixed  with  nitrate  of  soda.  This  year,  also,  the  mixture  of 
nitrate  with  sulphate  of  soda  added  one-half  (6  tons  per  acre)  to  the  crop,  a 
greater  proportionate  increase  eren  than  in  the  experiment  of  1m1,  which  gave 
an  increase  of  8  tons  out  of  a  total  produce  or  30  tons  per  acre.  Bat  this 
season  Mr.  Fleming  has  tried,  with  still  maier  success,  a  mixture  of  1  cwt 
each  of  sulphate  of  magnesia  and  nitrate  of  soda,  the  produce  rising  by  the  use 
of  this  top-dressing  to  92f  tons.  The  relatire  effects  of  the  two  sulphates 
would  have  been  more  cleiuly  proved,  had  the  proportions  of  nitrate  cif  soda 
applied  per  acre  in  the  two  mixtures  been  the  same. 

d°.  Nitrates  of  soda  and  prxtoM.— Another  interesting  fact  to  add  to  those 
alrerdy  registered  tmon  the  relative  efficiency  of  these  two  saline  substances,  is 
presented  m  page  49.    One  hundred  weight  and  a  half  of— 

Kitrate  of  soda  gave 16    tons. 

Nitrate  of  potash  gave \%\  tons. 

This  difference  may  have  been  due  to  accidental  causes — or  the  18^  tons  of 
the  one  result  may  have  contained  no  more  food  than  the  16  tons  of  the  other; 
but  the  multiplication  of  accurate  experiments  will  eventually  lead  us  to  the 
truth.  Apparent  fiulures  and  discordcunt  results  must  not  discourage  the  prac- 
tical man.  By  recording  all  trust-worthy  results,  the  light  will  almost  sponta- 
neously spring  up  at  last 

9^.  Sihcate  of  potash. — The  results  obtained  by  the  use  of  this  substanee,  and 
the  remarks  appended  to  them  (p.  60),  are  deserving  of  much  attention.  In  re- 
ference to  this  compound,  and  to  the  silicate  of  soda,  I  beg  the  reader  to  turn  to 
the  suggestions  containea  in  this  Appendix,  p.  40. 

KPTMixed  mofMures. — The  mixtures  in  page  50  will  no  doubt  be  imitated, 
and  by  those  who  can  obtain  them  o^  known  composition,  comparative  ezpcri« 
jnents  may  be  tried  with  advantage  both  to  theory  and  to  practice. 

C. — The  Experiments  upon  BarUy. 

The  true  practica]  value  of  the  experiments  upon  bariey  will  be  shown  by 
placing  them  in  the  following  form : — 

Increase.  £   t.  d.  Cost  per  basb. 

Nitrate  of  soda  with  common  salt,  gave  5  bush,  for  0  17  6  —  3s.  8d. 
Sulphate  of  soda  with  sulphate  of  magnesia,  1\  bush,  for  0  15i  6  —  38.  Id. 
Guano  (at  35s.),        ....  17   bush,  for  3  180    —    4s.  7d. 

Common  salt, 6   bush,  for  0    4  6    —    Os.  9d. 

Tumbull's  artificial  guano,  3   bush,  for  1    4  0    —  13s.  Od. 

The  cheapest  application,  without  doubt,  upon  this  soil,  is  common  salt 
At  half  the  above  price  guano  would  produce  the  bariey  at  3s.  3d.  per  bushel, 
and  the  laner  quantity  reaped,  together  with  the  value  of  the  straw  in  the  pre- 
paration of  manure,  mav  satidy  many  that  either  guano  or  the  mixture  of  sul- 
phates may  be  used  with  profit  It  is  a  further  recommendation  of  the  common 
sali^  however,  that  it  produced  the  heaviest,  while  guano  produced  the  lightest 
gram. 

From  the  experiment  with  nitrate  of  potash  no  result  can  fiurly  be  drawn,  in 
consequence  oc  the  great  drought  of  the  season  (see  Mr.  Grardiner's  remarics). 

D.— TAe  Experiments  vpon  Oats, 
1^.  Negative  effect  ^  saline  numures. — The  first  of  the  two  series  of  experi- 
ments above  recorded  being  made  at  Lennox  Love— like  those  made  at  the  same 
place  upon  turmps—derive  their  principal  interest  from  the  illustration  they 
•fiord  m  the  n^aHvt  effect  of  saline  manures  upon  the  oat  crop,  under  the  in- 
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of  mai  hMt  and  dioucht    I  aeleet  the  mon  napto  «iid  slrikia^  euM 

of diminutton.    The  undreoMd jpoit  of Um  field  prodaoed  M  bmheU  poracn. 
Common  lalt  diminiahwl  thio  prodiice  by  €  bushels. 

Nitrate  of  9oda 131     " 

Sulphate  of  aoda 15i     *< 

Rape-duat 9      *< 

Soot 124     " 

while  S  ewt.  of  guano  railed  the  piodace  to  70  bnahela,  being  an  ineraaaa  of  16 


These  lesults  not  otAy  oenfirm  the  deductioos  whioh  we  have  already  dimwn 
from  the  pieeeding  ezpsriments  upon  potatoes  and  turnipa— that  guano  will  act 
e?en  in  our  diiest  seasons,  while  lape^aat  requires  at  least  occasional  rain— -but 
they  go  further  in  showing  that,  like  the  saline  substances^  rape-diatt  imdtpmwai, 
mu  m^UeriaUfdwimiskUie  oaiarop^iftketmnmU  dtflif^gfKtAetf  by  remarktMt 
irougki, 

2^.  Mm$  eats.— The  ezperimenu  upon  moss  oats  (p.  53)  are  a  conrinoatiott 
and  extension  of  those  of  1841  with  graater  attention  to  accuraey  in  the  detenu, 
nation  of  the  produce.  The  last  column  in  the  table  spsaks  fiv  itaelC  The 
general  produce  of  the  field  being  43  bushels  per  aere. 


Sulphate  of  ammonia  gave         ...         9  buahels  9b.  3d. 

Sulphate  of  soda  with  nitnle  of  soda  gave         18  bushels  Is.  7d. 

Bones  in  muriatic  add  save      ...        18  bushels  Is.  6d. 

Silicate  of  potash,  mixed  with  the  aboire,  gaTC  28  bushels  9k  Od. 

In  the  last  two  eases  the  straw,  which  is  usually  imperhd  in  oatsgvownopoB 
mofts  land,  was  strong  and  healthy.  It  is  obWous,  thereuMte,  that  all  these  ezoer- 
imenta  deserre  repetiUon,  though,  as  here  set  forth,  the  increase  of  grain  byr  Noa. 
2  and  3  was  obtamed  at  the  least  cost,  and,  therefore,  to  the  economist  will  ap- 
pear most  important 

Ew — ThtBvptnmentowfm^  WkMuL 
I.  Bffed  ofdrougkL — The  first  series,  those  made  at  Lennox  Love,  afford  hi* 
tereeting  illustrations  of  the  effect  of  great  drought  in  modifring  the  aedon  of  sa- 
line manittes  and  of  rape  dust,  upon  the  wheat  crop.  The  more  prominent 
results  are  distinctly  brought  out  when  thrown  into  the  following  Ibnn.  The 
produce  of  the  undressed  part  of  the  field  being  47|  bushels  an  acre,  this  produea 
was  afieeted  by  the  scTeial  substances  employed  in  the  following  manner:— 

Deereue  per  acre.    IneraMe  per  aere. 
Common  sah,  1  ewt  .        .       .       .        Ij^  bush. 
Sulphate  of  soda,  1  cwL 


Soot,  32  bush. 
Nitrate  of  soda,  I  ewt 
Rap^ust,  16  ewt 
Cmano,  Scwt 


9i^bush.  — 

slight  — 

—  sUght 

-^  3«btt8k. 

*-*  ibush. 


Thus,  the  nitrate  of  soda  and  the  soot  did  no  harm,  tho«gk  the  drovght  did 
not  peimit  them  to  do  any  good.  Common  salt  slightly,  and  sulphate  of  aoda 
largely  diminished  the  crop  of  grain  —while  of  these  four  substances  the  sulphate 
was  the  only  one  which  diminished  the  yield  of  straw.  Nitrau  of  soda  and 
soot  largely  waeaaed  it 

On  the  other  hand,  guano  slightly  increased  the  yield  of  gram,  and  rape-dust 
added  S|  bushels  to  the  natural  produce,  both  alao  augmenting  the  weight  of 
the  straw  by  about  one-tenth  of  the  whole. 

In  this  case,  then,  the  rape-dust  surpassed  in  beneficial  effect  the  natural 
guano,  though,  as  we  have  already  seen,  it  prored  greatly  inferior  to  the  latter 
when  applied  in  similar  proponiona  to  oata,  potatoea,  and  turnips. 
^  ^'  SHggtitwn,  VIIL^  Tkisfaa  suggesiM  am  imierutmg  inauuf.    It  is  known 
that  one  of  themo*  lucntive  modes  in  iHuch  n^^  l|^J^^  hitbetto 
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mKf^y^m^nmannlmB beii in top4rtMfcDg tha^wfaaat  ofop  («ae  the  pnc^ 
din^  ptrt  of  this  Ap^ndix,  p.  19).  Has  it,thenfoTe,  some  sp«dal  adaptation  to 
the  w  iwot  crop-^wluich  will  aeeoimt  at  onoe  fiw  its  comparatiTe  fiulure  upon  oats, 
turnips,  and  potatoes^  and  for  its  snperior  efficaeyto  g;uano  upon  the  wneat  erop 
— in  the  proportioiis  Maled,  and  even  in  a  terf  ar^  summer  1  Theeompamtive 
efficacy  of  the  twbsafostaneesMiplied  in  ipvriow  proportions  is  oertainlydeserT- 
ing  of  flixther  inTestication.  It  will  be  a  cainnotonlytopraolioei  bat  to  theo- 
retical agxieuhuie,  Mould  it  be  fstehKMind  that  rape4«st  can  be  profitably 
applied  to  the  wheat  crop,  in  siraiMMtaBces  wiiea  it  would  be  thrown  awaynpon 
oau  or  tuniips.  By  torniag  to  the  nexteoEieB,  that  of  Mr.  Fleming  (p-  54),  it 
will  be  seen  that  the  last  rasok  there  stated  is  also  &f  onnMe  to  the  action  of 
rape4ust  upon  the  wheat  erop.* 

3^.  JlfMuaBf  ctmmt€raaiimg  viUUteiue  af  difkretU  mamires.-^BxA  another  cnri- 
OQS  observation  presents  itself  in  the  table  of  Loid  Blantyre's  resolts.  It  is  in 
the  apparent  struggie  between  the  good  and  evil  influences  of  the  rape-dust  on 
the  one  hand,  and  oTthe  saline  substances  eo  the  other,  when  they  were  applied 
together  to  the  same  plot  of  wheat  (see  Appendix,  p»  19).  Tims,  when  applied 
in  the  proportions  aboTC  I 


Common  salt  gare      ....  —  1|  buah. 

Rapchdnst  gave 3^  bush.  — 

OMe.half«f  eaohgafe  3|  bush.  <- 

Or  the  nahtral  efiet  of  tki  rapttkoi  wsf  kssened  &mikird  wkm  mixed  vM 
ike  given  weight  ofeoTmiun  saU.    So,  also^ 

fncreMS.  Deerwue. 

Salphate  of  soda  gave        ...  —  9i  bush. 

Rape-dust  gave 3|  bush.  — 

One-half  of  each  gave        ...  —  3   bush. 

Or  tMe  injiittnee  of  1  £Wi.  ofmUphaie  of  soda  for  evil  was  one-iMrd  greater  than 
Aat  of  16  cwl.  ofrt^fe-ditstfir  good — in  the  given  circumstances  of  soil,  climate, 
and  crop.  This  result,  which  at  present  seems  only  carious,  may  hereafter  lead 
to  the  establishment  of  interesting  truths  capable  of  practical  application. 

Suppose,  for  instance,  that  upon  two  fields  rape-dust  were  applied  to  the 
wheat  crop  at  the  rate  of  16  cwt.  per  acre,  and  that  the  one  field  contained  na- 
turally in  Its  surfiice  soil  the  proportion  of  sulphate  of  soda  employed  in  Lord 
Blantyre's  experiment,  while  the  other  contamed  none — then  in  the  one  case 
the  raipeKlust  would  not  only  expend  all  its  influence  in  overcoming  the  tenden- 
cy of  the  sulphate  to  lessen  the  crop, — ^bm  would  even  seem  to  do  harm  if  the 
produce  were  compared  with  that  of  another  field,  of  apparently  similar  soil, 
near  the  surface  of  which  this  abundance  of  sulphate  did  not  exist ;  while,  in  the 
other  case,  the  rape-dust,  ha^ngno  eonnteractine  influence  to  overcome,  would 
spend  itself  enturely  in  increasing  thrgrowth  of  me  plant  and  the  final  yield  of 
grain. 

Or  suppose  an  aitiflctal  guano  or  other  mixed  manure  aitiflcially  prepared, 
to  contam  tvro  or  mora  substances  which,  in  the  soil  the^  are  applied  to,  have 
a  tendency  to  produce  opposite  effects— the  one  to  racrease,  the  other  to 
diminish,  the  amount  ef  produce— tlie  effect  of  this  conflicting  action  of  its 
component  substances  would  be  such  as  to  render  the  mixture  of  less  eflicacy, 
perhaps  of  no  eflicacy  at  all — it  might  be  even  injurious  to  the  crops, — although 
It  contained  substances  which,  if  applied  alone,  would  have  exhibited  a  powers 
fid  ftrtilizing  action. 

These  two  illnstntions  are  sufficient  to  show  die  kind  of  light  which  obser- 
vations, such  as  the  one  above  adverted  to,  may  hereafter  throw  upon  practical 
agfioiilture. 

n.  The  snbstance  of  Mr.  Fleming's  table  (p.  54),  may  be  thus  presented. 


70  ■zPSftiHmm  urgn  wbbit. 

The  oiudded  nrodnee  of  Um  toil  wm  95  bwlieU  an  ocia,  and  theclie«t  of  fht 

dresfings  as  Collowa ; — 

Inores0e>        Il6cavMe. 

Guano,  3  cwt 6   bush.  — 

RapaHluat,  6  cwt,  aulphataof  magneaia,  |  cwl  .      Si  bnsK  — 

Sulphata  of  soda,  1  j^  ovt,  nittata  of  aoda,  f  cwt       li  baah. 

Cuinmon  aalt,  3  cwt —  34  buah. 

Common  aalt,  3  cwt,  diawilTed  bonea,  1  ewt  -^  9   buah. 

Tiflrnbairs  artificial  guano  produced  no  aenaible  efftct 

Under  the  eircumatanoea,  beaidee  being  fitrourable  to  guano,  the  aboive  m- 
sult  ia  alao  in  finrour  of  the  mixed  aulphate  and  nitrate  of  soda,  which  we  hava 
aeen  to  operate  benefi4BiaUy  upon  lo  many  other  culiivated  plants.  The  entile 
erop  appears  to  have  been  injured,  not  only  by^the  aummer's  drought,  but  by 
the  severity  of  the  pieoeding  winter. 

In  regard  to  common  salt,  it  is  worthy  of  remark,  that  the  grain  dresaed  by 
it,  whemer  oats,  barlr|r,  or  wheat,  in  Mr.  Flemlnai's  experiments  of  this  yw, 
has  been  always  heaTier  per  bushel  than  any  of  the  other  samples  tried.  This 
accords  with  thejpreTious  results  of  some  other  experimenters;  but  it  does  not 
agree  with  Mr.  Fleming's  obsermtiona  upon  the  wheat  of  1841,  nor  with  those 
ot  Mr.  Burnet  for  1842,  and  therefore  cannot  yet  be  oonsidered  as  a  uniTersal 
consequence  of  the  application  of  this  substance  as  a  top-dressing. 

III.  The  experimenu  of  Mr.  Burnet,  of  Oadgirth,  have  already  been  partially 
detailed  in  the  text  (Lectiure  XVI.,  p.  369),  and  their  value  explained.  They 
are  important,  chiefly,  as  showings* 

1^.  Eamamical  mix&ures. — That  mixtures  can  be  prepared  which,  upon  aome 
Boils,  surpass  guano  in  efficacy  and  in  economical  TaluSj  at  its  former  price. 
The  price  being  now  reduced,  other  experimenu  are  required,  yet  still  the  leas 
effect  t>f  guano  upon  the  wheat  crop  ia  m  accordance  with  the  results  of  Lord 
Blantjrro.  A  wet  season,  howerer,  mav  alter  the  numerical  relation  which 
these  results  exhibit.  It  will  be  observed  that  here  also  Tumbuirs  guano  pro- 
duced no  sensible  eflfect. 

3^.  £^£a  of  JiMia.— The  efficacy  of  the  salu  of  soda,  whether  the  sulphate, 
the  nitrate,  or  common  salt,  upon  Mr.  Burnet's  land,  are  aI«K>  very  strikiDg^ 
half  a  hundred  weight  per  acre  of  either  producing  an  additional  increase  of 
about  10  bushels  of  grain. 

3°.  yUH  of  fimw. — Into  his  tabulated  results,  Mr.  Burnet  has  introduced  a 
new  element,  and,  as  it  seems  to  me,  an  important  one  in  an  economical  point 
of  view,  namely,  the  qHarUity  ofJlnefUmr  yielded  by  equal  veighU  of  the  several 
samples  of  fcraiii.  The  differences  presented  in  tms  column  are  very  striking. 
Thus  l6o  lbs.  of  the  grain  reaped  from  the  plot  which  was — 

Undressed,  gave 76i  lbs.  of  fine  flour. 

Dressed  with  guano 68|  iGa.        *< 

With  sulphate  of  ammonia ^\  lbs.        " 

With  sulphate  ofammonia  and  nitrate  of  soda     .    .    .    54|  lbs.        ^ 

It  would  be  Intereetinff  to  learn  from  an  experienced  miller  to  what  extent 
such  differences  affect  the  money  v^ue  of  the  grain  to  the  manufacturer  of 
flour. 

4°.  AmowU  of  gluten. — Throuj^h  the  anxiety  of  Mn  Burnet  to  draw  aa  much 
information  as  possible  flrom  hS  excellent  experiments,  I  am  able  to  present 
another  feature  in  regard  to  the  action  of  these  saline  axvd  other  substances  upon 
the  qiuUUy  of  the  prodmce. 

It  is  known  that  the  quantity  of  gluten  contained  in  different  samples  of 
floor  is  very  unlike,  and  that  the  nuu-itive  property  of  the  flour  depends,  to  a  cer- 
tain extent,  upon  this  quantity  of  gluten.  It  has  also  been  stated,  as  the  result 
of  experiment,  that  the  gjain  which  is  raised  bv  means  of  manure  containing 
the  largest  quantity  of  nitrogen,  is  also  the  nchest  in  gluten.  With  a  view  to 
Uiasa  qusations,  Mr.  Burnet  (ranamiuad  to  me  a  pound  of  each  of  the  samples 
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of  flour  (see  Appendix,  p.  5^,  and  upon  examination  I  found  Hieni  to  contain 
the  following  proportions  of  ghiten : — 

Water  per  cent     Gluten  per  ceoi. 
No.  1.  No  application 16'3  9*4 

2.  Chiano  and  wood-ashes 16*15  9-3 

3.  Artificial  guano  and  do 16-8  9*6 

4.  Sulphate  of  ammonia  and  do 16*4  10*5 

5.  Do.|  do.,  and  sulphate  of  soda 15-7  9'7 

6.  Do.,  do.,  and  common  salt 15*7  9*6 

7.  Do.,  do.,  and  nitrate  of  soda 16*4  10*0 

8.  TumbuU's  guano,  |Tpsum,  and  wood-ashes  .    15*3  9*1 
These  results  are  not  wiuiout  their  interest,  for  though  they  do  not  show  any 

striking  diffennce  in  the  per-centage  of  gluten,  yet  upon  the  whole  the  result  is 
in  favour  of  those  samples  to  which  the  sulphate  of  ammonia*  had  been  ap- 
plied. One  of  these,  No.  4,  exceeded  the  undressed  min  by  about  one  per 
cent,  or  one-ninth  of  the  whole  jgluten  it  contained.  Were  th^  amount  of  Inis 
gluten  alone  therefore  to  determme  the  feeding  quality  of  the  grain,  this  sample 
mi^ht  be  considered  as  considerably  the  most  nutritious.  But  besides  the  re- 
lative proportions  of  fine  flour  which  they  severally  yielded,  there  are  other  im- 
portant considerations  which  bear  upon  this  question,  and  must  influence  our 
judgment  These  considerations  it  would  be  out  of  place  to  present  among  the 
present  observations.  They  will  be  found  stated  in  the  text  of  the  Lectures, 
(XIX.,  p.  498  el  seq.)  where  we  treat  of  the  composition  of  wheat  and  other 
varieties  of  grain— and  of  their  respective  values  in  the  feeding  of  man  and  other 


F.— T^  Experiments  vpon  Grass, 

I.  The  experiments  of  Mr.  Alexander  are  not  very  remaikableor  conclusive. 
The  meadow,  which  was  drained  moss  full  of  timothy  grass,  gave  naturally  1 
ton  4  cwt  of  hay,  whereas  the  one  dressing  raised  the  produce  to  1  ton  8  cwt, 
the  other  to  1  ton  1 1  cwt^  per  imperial  acra.    The  cost  is  not  stated. 

II.  But  those  of  Mr.  Fleming  are  very  intere8tinfi^  By  referring  to  page  17 
of  this  Appendix,  it  will  be  seen  that  in  1841  Mr.  Fleming  obtained  a  greatly 
increased  produce  of  hay  by  the  use  of  nitrate  of  soda.  He  informs  me  that 
in  making  the  present  experiments  he  was  desirous  of  again  testing  the  efficacy 
of  this  salt  upon  grass,  on  ihe  same  kind  of  land,  and  of  comparing  it  with  that 
produced  by  other  sahne  substances.  lie  selected  also  a  portion  of  the  same 
field,  on  another  part  of  which  the  trials  upon  wheat  had  been  made  in  184  f 
(see  Appendix,  p.  19),  with  the  view  of  ascertaining  if  any  analogy  could  be 
traced  or  difference  detected,  betvfeen  their  action  in  1841  upon  wheats  and  their 
ejfed  in  1843  on  sown  grasses — rye-grass,  timothy,  and  red  clover.  Both  obiects 
have  been  in  some  measure  attained.  I  shall  first  present  a  summary  of  the 
results. 


The  undressed  soil  produced 
Sulphate  of  soda,  3  cwt 
Nitrate  of  soda.  Ij^  cwt 
Sulphate  of  soda,  1  cwt 
Nitrate  of  soda,  |  cwt 
Common  salt,  3  cwt  . 
Common  salt,  9  cwt.  . 
Soot.  16  bushels  .  . 
Sulphate  of  ammonia,  1  cwt 
Ghiano,  U  cwt 


tons  cwt 
1      8 


mOBSASB. 

tons  cwt 


1 
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10 

7 

6 

12 

13 

18 
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tons  cwt. 

0      5 
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'  tt  will  be  borne  In  mind  that  this  to  TuraboU's  snlphste  of  smmoDls,  slnsdv  sdvsiled 
l» la  psfsCI  ©r  tUs Appsadls.  ^ a  ^  "  ^  ^T^^^ iv< 
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A  mizlan  9i  «iiMt0  of  potMh  with  gjrpstun  produoed  ii»  eeiisildo  elE^, 
neither  did  TumbiiU't  artificial  g;uano. 

1^.  In  this  repetition  of  <dis  experiment,  therefore,  the  nitrate  of  soda  on  si- 
milar Jand  again  inarsased  gready  the  proiduce  of  hay— giving,  at  the  iirst  cut* 
ting,  an  ezoesa  of  upuraids  of  1  ton,  at  a  cost  of  30b. 

3^.  But  on  comparing  this  action  of  the  nitrate  upon  grass  with  its  action  in 
Ihe  same  field  the  previous  year  upon  wheat — ^we  find  that  though  it  considera- 
bly increased  the  crop  of  wheat,  vet  every  additional  bushel  raiMd  cost  12s.  6d. 
as  the  price  of  the  nitrate  added  to  the  land  (Appendix,  p.  19).    It  appean, 


Ih-i cfore,  that tMw» s^ih  where  tke miraU  vnU  not  pay  when appSed to  wmtf  U 
nuij  yet  patf  wed  y^/en  appiied  to  grmss. 

3^.  Agfun,  WQ  find  above  that  3  cwt.  of  common  salt  lessened  in  a  slight  de- 
gree the  crop  of  hay,  while,  in  1841, 1^  cwt  increased  coBsiderablv  the  jm>dace 
of  wheat  in  the  same  field — Che  additional  ocain  reaped  from  the  salted  portion  cost- 
ing only  6d.  a  bushel  fp.  19).  It  would  appear,  therefore,  that  on  soils  when 
coinmpn  salt  can  he  projuably  used  ttpon  wheat  U  may  do  inptry  upon  hay.  •  The 
only  circumstance  that  lenders  this  deduction  less  safe  is  that  3  cwt  of  salt  per 
acre  were  anplied  to  the  grass,  which  may  have  been  too  much  considering  die 
dryness  of  tne  season. 

4^.  The  latter  remark  applies  also  to  the  sulphate  of  soda  which  was  laid  oa 
ai  the  rate  df  3  ewt.  yet  acre.  A  less  addition  might  possibly  have  aided  the 
crop.  Yet  the  n^auve  influence  of  this  salt  seems  great,  since  1  \  cwt  of  nitrate 
— itself  tending  to  mcreaae  the  crop — was  unable  entirely  to  overcome  the  dimio- 
ishixig  influence  of  1  cwt  of  sulphate. 

But  the  reason  of  this  apparent  inefficiency  of  the  lutrate,  when  mixed  with  the 
sulphate,  is  in  some  measure  explained  by  the  remarkable  fact,  that  <m  both  of  the 
patches  to  whieh  the  suMuOt  of  soda  was  apfriied,  Ike  ^a»  thai  came  up  consisted 
almost  entirety  of  red  fescue  (Festuca  Rubra),  though  rye  grass,  timothy,  and  red 
daver  were  the  only  grasses  sown.  The  sulphate,  therefore,  must  first  have  checked 
or  entirely  destroyed  the  grasses  which  had  already  sprung  up,  and  then  have 
mcited  the  dormant  seeds  of  fescue  to  germinate,  before  the  fertilizing  agency  of 
the  nitrate  could  come  into  play. 

This  effect  of  the  sulphate,  should  it  be  confirmed  by  later  experiments,  will 
establish  the  important  theoretical  principle,  that  those  substances  which,  when 
present  in  the  sou,  will  destroy  some  of  our  cultivated  graasfts,  will  encourage  die 
growth  of  others :  and  the  no  less  important  practical  truth,  that  saline  surataD- 
ces  exercise  such  a  special  action  on  the  several  crops  we  grow  that  we  may 
hope  to  discover  the  means  of  aidirig  the  growlh  of  the  one  or  the  other  aJt  plea- 
sure, and  it  maybe  at  little  cost 

Suggestion  /X— It  is  to  be  recollected  that  in  the  case  of  Mr.  Fleming's 
field  It  may  have  accidentally  happened  that  the  seeds  of  the  fescue  particularly 
abounded  in  those  plots  to  which  the  sulphate  was  ajsplied.  With  every  dis- 
position, therefore,  to  advance  as  rapidly  as  we  possibly  can,  I  think  it  better 
to  suspend  our  judgment  upon  this  point — until  the  following  two  series  of  ex- 
periments shall  have  been  made  in  two  or  three  different  localities : —  ^ 

a.  By  top-dressing  any  of  the  ordinary  grasses  sown — ^exduding  the  fisacues 
— on  four  or  more  plots,  with  |  cwt,  I  owt,  2  cwt.,  and  3  cwt  of  sulphate 
of  soda  respectively,  and  marking  ttie  kind  of  grasses  that  most  abundantly 
spring. 

^.  By  sowing  half  an  acre  of  one  or  mora  of  the  fescues,  and  especially  the 
Rubra^  and  noung  the  effect  of  the  imtphate  applied  in  similar  proportions  upon 
as  many  patches  as  before. 

These  experiments,  it  is  obvious,  would  be  rendered  more  interesting  waic 
nitrate  of  soda,  alone  and  mixed  with  the  sulphate,  tried  on  other  plots,  and  on 
both  vancties  of  gi^ss.  I  trust  Mr.  Flensing,  whose  educated  eye  enabled  him 
to  detect  the  interesung  feet  in  question,  may  be  induced  himself  to  prosecute 
*^|««yea  by  further  experimeiTls.  ^  ^ 

»  •  Suggestum  A.— We  have  already  seen  in  tlie  alkise  jfML.^6maiK£  ihe 
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aitimio  and  lalphata,  another  illuatration  of  thekmd  of  atrugg^e  we  may  suppoM 
to  ffo  on  between  aubstancea  tending  reapectlTely.  the  one  to  incieaae.  the  other 
to  diminiah,  the  produce.  In  the  joint  action  of  the  common  salt  and  the  soot, 
when  applied  togjether,  we  have  a  further  instance  of  the  same  kind — an  increase 
<^4  cwt  only  bem^  caused  by  the  application  of  16  bushels  of  soot,  when  coun- 
teracted  by  an  admixture  of  2  cwt.  ofcommon  salt.  Applied  alone,  the  increase 
of  produce  would  probably  have  been  greater.  Will  any^  one  undertake  exper- 
iments with  the  new  of  further  bringing  out  this  interesting  mutoally-eountcr- 
acting  influence  of  different  applications? 

€^.  I  can  only  call  attention  to  the  large  yield  of  hay  natnimlly  obtained  ftom 
that  part  of  the  field  on  which  barley  dreased  with  bone-dust  in  1641  had  previ- 
ously grown  :  Mr.  Fleming  informa  me  that  no  sensible  diffMenoe  in  the  produce 
c(  hav  waa  oOsenred  between  the  undressed  part  of  the  field  and  that  upon  which 
the  iu-essed  wheat  had  grown  in  1841,  though  the  crop  waa  not  set  apart  or 
weiehed,  as  we  might  wiah  it  to  hare  been. 

III.  Since  the  preceding  experiments  went  to  piesa  I  have  received  the  fol- 
lowing short  notice  of  triids  upon  hay  made  by  Mr.  Campbell,  of  Islay : — 

"  It  ia  very  difficult  to  eet  the  tenants  in  our  wild  part  of  the  world  to  expend 
money  in  the  purchase  of  forsign  substances,  however  beneficial ;  and  for  this 
reason  I  have  been  induced  to  try  the  substances  mentioned  below,  because, 
with  the  exception  of  sulphuric  acid,  the  others  are  to  be  gpt  in  abundance 
in  the  ialand— the  pigeona'  dung  may  oe  got  in  large  quantities  in  the  caves, 
sea- ware  on  the  shore,  and  lime  ia  aoundimt  and  excellent  in  quality.  Th«  eac- 
periment  waa  made  thua-^ 

WSIOKT  »  PPUNDS. 

Fresh  cot  Drv. 

1.  Nothing_ 240  1^ 

2,  Pigeon  X)une 316  975 

8.  Sea-ware.  Lime,  and  Sulphuric  Acid  ...      306  209 

4.  Lime  ana  Sulphuric  Acid 293  256 

1.  A  field  of  about  ten  acres,  lately  improred  ficom  heather,  waa  choaen;  the 
field  was  well  drained  and  deep  ploughed,  so  as  to  raise  the  subsoil  (red  loam^ 
with  the  moss.  On  its  surface  tne  grass  was  sown  down  with  oats — 6  cwt  of 
each  substance  was  used  to  the  acre.  Eieht  yards  square  careftiUy  measursd 
firom  the  centre  of  each  variety,  and  weiened  the  day  they  were  cut,  and  again 
on  the  day  they  were  put  into  stack.    The  hay  waa  fiilly  ripe  when  cut 

2.  The  pigeon  dung,  which  looks  like  peat«duat,  was  laid  on  exactly  as  it 
was  taken  from  the  cave. 

3.  One  ton  of  lime-shells  was  mixed  with  12  tons  firesh  sea-ware;  after  being 
twice  turned,  the  whole  of  the  aearware  was  consumed,  leaving  only  small  black 
particles  mixed  with  the  lime :  the  bulk  was  reduced  to  five  large  carts  Tnot 
weighed) ;  4  galls,  sulphuric  acid,  mixed  with  400  galls,  of  water,  were  addea  t« 
the  powder—a  violent  fermentation  took  place,  and  the  bulk  was  Ihrther  re* 
duced  about  an  eighth. 

4.  A  ton  of  lime-shells  was  prepared  according  to  your  recommendation  • 
alaking  the  lime  with  the  dilute  acid. 

N.  S.  One  measure  of  this  lime  in  shells  gives  three  and  a  half  in  powder.'* 

Q. — The  ExpermeiUs  iupon  Mixed  Croft. 
Mr.  Alexander's  experiment  upon  a  field  of  mixed  oats,  beans,  and  peas,  is 
very  deserving  of  notice,  and  will,  I  have  no  doubt,  be  repealed.  Not  only  did 
the  mixture  of  gypsum  and  common  salt  increase  the  ultimate  produce— but,  as 
Mr.  Alexander  says,  it  acUd  Hke  mo^ri^— imparting  life  and  vigour  to  an  i|)p«P 
xently  dying  and  worthless  crop. 

H. — The  Experimmtt  itpon  Beeuu, 
t  The  principal  fiict  of  importance  in  the  experiments  of  Bdr.  Alanmder  is 
the  effect  he  found  his  mixture  of  gypsum  and  oommon  salt  to  produce  upon  the 
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beam  even  when  eiready  iniover.  This  b  another  of  thoM  new  and  practical- 
ly valuable  obaerrations  which,  year  by  year,  are  tore  to  preaent  themaetres  to 
our  obaenring  ezperimenten  aa  their  inductiTe  reaearchea  are  continued. 

IL  I  am  happy  in  being  able  to  introduce  here,  though  it  reached  me  too  lain  lor 
inaertion  among  the  other  tables,  the  following  digest  of  results  upon  beana,  ob- 
tained upon  Lord  Blantyie's  fimn  at  Lennox  Lore.  The  object  of  them  was 
to  ascertain  the  rdative  effect  of  certain  saUne  manures,  and  of  rape^uslt  and 
guanOf  uiptn  beam,  afUr  a  crop  ofoals. 

Ezpsriments  upon  Beans,  after  a  crop  of  Oata.  TkemundUyoftandinmck 
plat  fMt  ana^ktk  of  an  mpmial  acre.  Seeda  aown  26th  February ;  manures 
applied  13th  May;  cropcutSth  August;  stacked  lat  SMraiber,  1842;  and 
thnshed  6th  f^raary,  1843. 
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RaMABKS.—Tbo  aoU  of  FordhlU,  00  which  they  itrew,  is  light  and  of  Inferior  qoality— the 
■Qbeoll  le  of  ioduratod  day,  Inlerepeseed  with  bouldera  and  small  etonee,  and  oecailonally 
bed!  of  graveL  The  field  wm  drained  every  ftirrow  previoin  to  Its  being  broken  ap  from 
old  lea  in  the  winter  of  1840— pknighed  deep  and  sobsoiled  in  the  sntnmn  of  184U  and  bm- 
Dared  with  aurin-7srd  dung  In  the  drill  before  sowing  the  beans  in  the  spring  of  1842.  Owing 
to  the  dryness  or  the  season,  the  beans  were  rather  short  in  the  straw;  the  specific  mannres 
wen  applied  after  the  plants  hsd  sttained  some  Inches  in  height  T%e  eulphate  oftoda  (flij. 
nol  in  erynots)  blaekemed  amd  dettroifed  the  umler  (socsSf  ig*srasei  ii  came  m  eemtaet  wak 
lAem,  btUjrmk  akooU  eomt  ajmartd,  tmd  ii  didnot  eeem  pemumentijf  lo  injure  or  retard  Ike 
grotelk  <(ftke  ptente.  They  did  not,  sfter  the  application,  shew  any  marked  change  of  colour ; 
and  at  no  period  did  they  seem  to  difltu-  much  flrom  the  rest  of  the  field.  A  few  peas  wera 
aown  amoiig  the  beans ;  and  in  dressing  the  grain,  an  attempt,  partially  sneeasslbl.  was  made 
to  separate  them— each  experiment  underwent  the  ssme  process  in  the  dresaing.  Grain 
eolomn  1st  rapresenis  the  produce  in  beans--jrain  cohimn  2ad  represents  that  la  peas. 
The  separation,  however,  not  being  completely  effected,  there  were  left  peas  among  the  beans, 
and  some  of  the  smaller  and  Inferior  beans  among  the  pess.  I  thought  a  distinction  of  this 
kind  worth  making  in  the  Tables,  as  1  obserred  tbst  some  of  the  lots  sootsioed  much  BM»ra 


peas  than  othera,  and  coaeeired  that  the  relative  value  of  the  manure,  as  spplled  to  ciMer, 
aateht  thereby  In  soLie  g^easore  be  shown,  ss  well  ss  tliehr  eflbets  on  the  besns  slone  aiora 
tnny  sabibited.  The  grMs  weights  were  taken,  as  those  of  the  other  experiments,  at  the 
town  of  Haddington's  weighing-machkie,  befora  thrsshiof-the  detaUed  weights  and  men* 
1  by  myself.  Wm.  Gooolbt. 


Tbe  produce  of  the  uadresaed  part  amounted  in  the  above  experiment  to  29| 
bttsheliL  and  it  is  remaricable — 

1°.  That  the  Boot  alone  caused  a  aenaible  diminution  of  the  groaa  produce, 
and  alone  did  not  leaaen  the  propoition  of  peaa. 

V*.  Althoui^the  season  was  so  dry  the  sulphate  of  aoda aare  a  larger  incrsaaa 

5S  ^Jt*  obtain^  by  the  addition  of  twice  its  own  weifht  of  Kuano. 

1".  Thai  an  admuctms  of  half  iu  wai^bt  of  nitrate  inth  tbs  sulphata  of  aoiki 
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did  not  increase  the  produoe  beyond  that  of  an  eqnal  weight  of  sulphate  alone. 
This  is  different  from  the  action  of  the  latter  salt  m  the  case  of  the  other  grain 
crops  and  of  potatoes. 

4^.  That  I  ewt  of  sulphate  of  soda  produce  as  great  an  effect  as  16  cwt  of  lape- 
dust— the  quantity  of  gndn  reaped  from  both  applications  being  very  Bsarly  Om 
same. 

SuggesUon  XI. — These  striking  effects  of  the  sulphate  ultimately  took  place, 
although  when  first  applied  to  the  ^oung  planu  it  Dumed  and  blackened  their 
leaTCS.  I  trust  that  these  results  wdl  also  be  tested  by  repetitions  in  other  years 
— -!ess  droughty,  it  is  to  be  hoped — and  in  other  parts  of^the  country.  For  the 
aulphatft  of  soda,  Mr.  Alexander's  experiment  seems  to  say  that  gypsum,  which 
is  still  cheaper,  may  be  economically  substituted. 

5^.  It  will  be  seen  that  euano  upon  this  crop,  as  upon  the  wheat  already  noticed 
(p.  €8)f  was  less  successful  than  some  of  the  other  substances  employed. 

Condusidn. — ^Upon  the  obserrattons  of  Mr.  Gardiner  in  regard  to  the  effect 
of  the  dressings  or  1841  upon  the  crop  of  1843^  I  ha?e  nothing  to  add  to  the  re- 
marks I  have  already  made  (p.  57)  upon  theu-  importance,  and  upon  the  ^ood 
that  must  follow  from  continmng  them.  But  in  concluding  these  obsenrauons, 
^e  reader  will  please  to  recollect  that  I  have  adverted  to  those  points  only,  in  the 
above  tables  of  results,  which  appeared  to  myself  most  important.  There  are 
many  other  points  to  which  by  a  careful  study  of  the  tables  his  attention  will 
naturally  be  drawn.  He  vnll  consider  the  observations  themselves  also,  as 
only  so  many  gropings  after  truth.  The  present  state  of  our  experimental  inqui- 
ries can  scarcely  be  supposed  as  yet  to  give  us  more  than  a  glimpse  here  and 
there  of  the  true  lig^t.  Like  a  man  who  finds  himself  in  a  dark  dungeon,  we 
are  peering  through  the  comparative  gloom  of  our  prison-house,  in  the  hope  of 
finmng  some  mo£  of  escape  into  the  upper  day.  Like  him  we  may  be  long  in 
discovering  the  true  outlet,  and  the  passa^  upwards  may  be  narrow  and  in- 
tricate ; — but  the  same  conviction  which  will  give  him  saiety,  will  uldmately 
lead  us  also  to  the  lieht— that  he  who  persists  in  trying — marxing  and  recollect- 
ing every  turning  he  has  explored — may  atleneth  escape;  but  that  he  who  sits 
mlt  in  mdifference,  or  gives  up  his  quest  in  despair,  is  sum  to  die  in  darkness. 


No.  IX. 
▲ppinoirAL  azpBBmnTs  nv  practioal  AOBiovLTmiBt 

MADS  IN    1842. 

The  following  experiments  were  made  at  Erskine,  in  Renftewshire,  opon  the 
Home  Farm  ofLora  Blantyre : — 

Experiment  I. — PoUUo  Oats,  after  old  Grass,  ' 

The  soil  was  variable,  chiefly  ^ood  loam,  resting  on  a  subsoil  pardy  gravel 
and  pa^dy  sand.  The  field,  havmg  been  long  in  pasture,  in  many  places  very 
wet,  was  drained  in  November  and  December,  1841 ;  ploughed  soon  after,  and 
sown  with  oau  on  the  8th  of  April.  The  manures  were  applied  on  the  15th 
of  April,  and  harrowed  in  with  a  single  stroke  of  the  harrows.  One-fourth  of 
an  iimperial  acr€  being  previously  measured  off  for  each  plot. 

According  to  notes  taken  ol'the  appearance  of  the  croafrom  time  to  time — 


bonravtt,  diaosm  any  veiy  diBcide4  diilbeiioe  in  the  apptanaoe  ottk$  othaiai 
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May  M.— There  appean  a  iliglit  difference  in  &Toiir  of  aU  the  iqiplicatioiis 
in  the  ordn  above  etated,  the  milphate  of  eoda  (No.  3)  pale  in  oolour. 

June  28. — ^Appearance  same  as  on  30th  May. 

The  crop  was  cut  19th  and  90ih  of  Aag:iist,  and  thrashed  firom  the  stock  on 
tfM  7th  of  September ;  the  results  carefully  ascertained,  the  grain  by  weight  and 
neasure;  the  straw  by  wei^t,  as  it  came  from  the  thrashing-machine;  no  ac- 
eoont  taken  of  the  chaff. 

BisuLTs  or  npBBiHXirr  l*- oits. 


No. 


AppUosdooB. 


Nlmieofflod^VlbB. , 

■olptMte  of  Amnoaia,  9B  11m 
ftalphsts  of  Soda,  66  lbs.. . . . 

Nothlin....m7. 

ForeicB  ChiMio,  2B  tta. 

T>uii6ull's  BrtttoMhuwOfie  lbs. 
TumbuU'a  ImpHd  Boom,  56  lbs. 
Turobon'a  Haaias,  10  bush. 
Soot,  10  both 


s.  d. 

6  8 

8  0 
3 

6 
4 
3 
10 
2  It 


Goodftnlbr 

II 


« i. 


boh.  tbo. 

12  21 

12  22 

12  - 

12  10 

12  4 

12  171 
11  2 

13  301 


Ufhtgnm. 

ii 


I 


Orun.  Siisw. 


-18 

iif 

•HI9 

■HI 


I 

I 


+  61 

±s 

—  73 


Expeiiment  II.— On  OU  Patbme  Gnus  to  be  aUfor  Boy. 

The  soil  was  of  mectium  ^ality,  on  stony  clay  subsoil.  The  part  of  the 
field  experimented  on  was  onginaUy  very  wet,  producing  scarcely  uiy  l^>ctter 
heihace  than  rushes  and  other  semi-aquatic  plants,  was  <uained  in  1835,  has 
been  thrae  years  pastured  after  a  crop  of  hay  from  young  ^rass  in  ISSS;  the 
•oil  is  of  a  blackish  friable  tezton,  the  snbsoD  Tery  retenure.  The  speeifie 
manures  were  applied  on  15th  April,  with  the  exception  of  the  soot,  which  was 
•own  on  the  plot  m  the  experiment  at  the  same  time  that  the  other  parts  of  the 
field  were  dressed  with  soot,  being  about  the  middle  of  March,  and  by  the 
ISth  of  April  were  shewing  a  ereener  shade  than  the  portion  left  ftwexperiment 

April  95. — Obsenred  the  ridge  or  plot  No.  5  (sulphate  of  ammonia)  looking 
daric  in  the  shade,  and  that  the  salt  has  burned  tne  leaves  of  daisies  and  other 
broad-leaved  planu ;  the  moss  or  fog  seems  also  to  be  burned,  it  looks  black 
and  unhealthy. 

May  7.— The  ridges  or  plots  Nos.  2,  5,  and  7,  look  decidedly  better  than  the 
rest :  if  o.  3  also  seems  ftrther  advanced  than  where  no  applicauons  were  made. 

May  33.-*No.  2  getting  on  very  fast,  and  now  looks  as  well  as  No.  1,  which 
has  always  had  the  advantage  (to  appearance)  of  the  other  plots.  The  giasa 
on  No.  3  pale  in  colour,  but  taller  tlian  where  no  manure  was  applied. 

The  hay  was  cut  on  the  3d  of  July,  and  tlie  grass  weiched  soon,  t.  «.,  in  a 
Ihw  hours  after  beine  cut  down,  but  bemg  very  sunny  weather  it  was  somewhat 
ihded  when  weighed.    The  made  hay  weighed  and  put  into  stack  on  . 

Back  plot  consisUd  ofone-fouriA  of  an  imperial  acre. 

RESULTS  OF  BZPBRIMENT  II. — ^RAT. 


No. 


CoflC  of 

applic»> 

doa 


Sooi,  10  bushels., 


Nitrate  of  Boda,  40  lb 
of  Bodi,  80 


40Ibff... 


l^RS^"*?^ 


BriUdi  QoMK>,  80  lbs. 


t.    d. 
2    II 


Vd 


lbs. 


1936 
1730 

StP 

8084 

2941 


Hey. 


lbs. 
970 

sir 

7S6 


1190 
lOM 


ioBsy. 


186 

168 
262 


N«. /X] 


■WKRIMIMTS  UPON  WBBAT  AND  POTATOBl. 
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N.  B.— I  take  the  amnge  of  the  two  plots  which  bad  no  manura,  as  the  irain 
to  deduct  for  finding  the  increased  pioduce.  The  second  column  from  the 
ri|^  is  made  hay,  the  third  is  green  grass,  weighed  soon  afler  being  cut 

Experiment  IIL—Upon  Wheat. 

Soil,  a  good  strong  loam,  resting  on  a  heavy  subsoil  composed  of  day  and 
small  stones,  called  ull.  The  wheat  was  sown  in  November,  1841,  after  a  crop 
of  potatoes.  The  field  had  been  long  in  grass  previous  to  1840— when  it  was 
dnuned,  and  ploughed  for  oats  in  the  8prin|;  of  1840— was  well  dunged  with 
eood  farm-yaid  manure,  and  was  also  limed  for  the  potato  crop  of  1841,  so  that 
Uie  field  was  in  very  good  condition  for  wheat 

The  manures  were  applied  14th  April,  1843,  and  harrowed  in  with  a  stroha 
of  the  harrows. 

May  10. — ^The  portion  No.  1  seems  darker  in  shade  than  No.  9  and  No.  8. 

June  28. — ^A  calm  day,  with  gentle  rain — many  of  the  lots  much  bent  down, 
as  follows: — No.  1  much  bent  down.  No.  9  partlv  swiried  and  bent  at  the 
end  next  a  planting.  No.  1  swayed  at  east  end  next  tne  planting,  not  so  bad  as 
No.  2w  No.  4  less  bent  down  than  No.  3.  No.  5  much  bent  down  and  swirled. 
Nos.  6  and  7  all  standinc-  No.  8  partly  laid  down.  No.  9  very  much  swirled 
and  laid.    All  the  laid  wheat  came  up  aeain  in  a  few  days  after  the  rain. 

The  wheat  was  reaped  with  the  sickle,  and  in  due  course  stacked,  in  good 
eondition.    It  was  thrashed  on  the  8th  February,  1843. 


KBSVLTS  OP  EXPBRniCNT  III.— WHEAT. 

, 

No. 

STRAW. 

OEAXII.                       1 

Total 
niian- 
Uly. 

iDcraaae  -f 

or 
Dacraass". 

TMal 
quantity. 

Waightj 

per 
baahil. 

Increase. 

8oot,10basheti 

TumbaU*t  Humof,  10  boshels. . . 

Iba. 
1213 
1066 
973 
1193 
1U49 
1006 
1073 
1138 
11G9 

4-151 

us 

13     7 
13    38 
13    38 

Iba. 
58 
60 
03 
61 

S' 

02 
62 
02 

bash.  Iba. 
2     32 

1  47 
0     67^ 

0     »| 

2~ 

2  37 
2   37 

Tiimball't  BrtOah  Oiuuao 

Nothins 

Solphate  of  Sods 

<!Mili>h«4^  4f  Ammooto  . . , . .  ^  t  ,  - 

Nitrate  of  Soda 

Experiment  IV.—CM  Potatoes. 

Soil,  a  medium  loam,  resting  on  ^vd  and  sand.  The  field  was  ploughed 
from  old  grass,  and  sown  with  oau  m  1841 ;  was  drained  (where  wet)  and  deep 
ploughed  m  the  autumn  of  1841 ;  prepared  for  potatoes  in  the  spring;  of  1843, 
and  well  dunged  at  the  rate  of  about  45  tons  of  very  ffood  dung  from  Gla^^w, 
per  acre.  The  manures  were  applied  in  addition  to  the  dung,  hj  being  aprinkUd 
above  ike  dung  in  the  drills  before  vlacine  tke  sOs,  then  coTered  by  rerening  the 
drills,  on  the  Slst  and  33d  of  April,  1843. 

During  the  season  could  discover  little  or  no  difference  in  the  appeamnce  of 
the  poruons  dressed  with  the  specific  manures,  from  where  no  applications 
were  made ;  the  crop  was  a  rery  equal  good  one  over  all  the  field.  One-fomrth 
of  an  imperial  a^e  m  eocA  pM. 


*  I  eaa  m  raconclla  the  sraat  produce  firom  No.  4  with  the  appeanneaa  i 
and  have  been  sospletoua.  that  DolwUhaiandlng  aTerr  precaution  being  taken  to  avoid  mix* 
inf.  aoma  Bhaavea  of  No.  6  plot,  have  been  taicen  to  No.  4,  while  the  crop  waa  in  itook,  aa  It 
waa  iometimea  neeaanrj  (daring  the  time  the  atooks  were  In  the  field)  to  have  them  re- 
paired,  they  being  blown  down  once  or  twice. 

1*be  cost  of  the  applicationa,  as  alao  the  quantttlaa  applied,  of  the  diflbrant  naterlala,  were 
the  aaane  aa  In  Experiment  No.  I.,  on  Oata  The  Ilgm  grain  la  not  here  taken  into  aeoennl, 
as  It  waa  too  trifling  In  qoantUy  and  qnality  to  be  of  any  Importance,  and  nearly  the  aame  la 
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■KSULTS  OP  BXPERTMENT  IT.-^OH  P0TAV0B8. 


C<Ml. 


PS09VCS- 


iDcresse  +  or 


L  Nitrate  of  Boda 14  lbs. 

)  Sulphate  of  Soda W  tba. 

I  Siilphaia  of  Soda 9B  lb*. 

f  liolphaia  of  Amaumla 14  ll»a.  , 

Forelm  Oiwoo 'JB  Iba. 

TiimbuU'a  Biitlth  Ouano. . .  .66  Ibc 

Pool,  7|  buthela 

ImpniTed  Booaa,  TurnbuU'a,  66  Iba. 

Qypaam,  1  baabel 

Nothliit .^^^^^,. 


a.    d.  Itooa.  cwL  qr«.  Iba. 
4    7|      8     0     1    M| 


4  0 

0  8 

4  0 

5  6i 

3  0 


ewt.  qra.  Iba. 
1+  1     1      174 


19 

0 
19 
16 
19 
18 
19 


0    24| 

0     0 
2    81 


1    81 
0     7 


+  0     0 

+  0  3 
4-0  8 
-3  0 
+  0  8 
-08 


174 
81 

14 
14 
14 
14 


Th«  gypsum  used  turned  out  to  be  genoine  oo  analjrtis.* 


REMARKS  UPON  THE  PRECEDING  EXPERIMENTS. 

1^.  Bjfed  of  the  dr&ugkf, — It  is  lo  be  obeenred,  in  the  first  place,  that  tbe 
giecu  drought  of  the  season  eiercised  an  unfaToumble  inllaence  upon  the  re- 
sults of  these  expenmenu  alsa  It  is  necessaiy,  therefore,  to  suspeiid  our  jud^ 
mem  in  some  measure  reearding  them — until  nuure  expehments  in  other  sea- 
sons shall  confirm  or  modify  them. 

'29  inferences  to  be  drawn  from  the  colour  of  tke  crop. — A  new  feature  in- 
trodliced  by  Mr.  Wilson  in  iKe  account  of  these  euieriments,  is  the  appearance 
presented  bv  the  sCTcral  crops  at  different  specified  periods  after  the  dressings 
were  applied. 

It  is  a  common  thing  for  pmctical  men  to  estimate  the  relative  produce  of 
different  fields  or  parts  of  the  same  fifld  by  their  appearance,  and  especially  by 
the  colour  of  the  growing  crops.  Yet  that  this  is  not'  to  be  depended  upon  in 
a  com  crop,  is  proved  by  the  observation  that  up  to  the  end  of  June  appearances 
in  the  oot  field  were  most  in  favour  of  the  nitrate  of  soda,  the  guano  being  se- 
cond, and  the  soot  third  in  order.    Yet,  when  reaped,  the — 

Nitrate  gave  an  increase  of  only 2^  bushels  per  acre. 

Guano 9i  lbs.  per  acre. 

Soot 6  bushels  per  acre. 

The  nitrate  did  give  a  little  more  straw  than  either  of  the  other  two,  but  that 
the  colour  is  not  an  unfailing  criterion  even  as  to  the  produce  of  straw  or  of 
hay  is  shewn  by  the  experiments  upon  oats  and  upon  hay.    In  both  of  these 

*  Llsi  or  nrleea  |iald  for  the  msmiraa  osed  In  the  forefolnf  esparlmMila:— 

1.  Porpitii  Guano 861.  per  cwL 

8.  TombuU'a  Ooano Sa.     *• 

3.  Tiirnbuira  Improved  Bones 6a.     ** 

4.  TurnbuU'a  Humua la.perbaabeL 

&  NltraiaofSoda 8Sa.perc«rt. 

6.  autphataor8oda(di7) 6a.     ** 

7.  Butphaie  of  Ammonia SOa.     ** 

a  Boot 3|ii.  parbuaheL 

Noa.  8, 3, 4,  and  7,  wwre  manufaeturad  and  Aimlahad  bv  TOmbull  and  Compsnv,  Chtti»> 
lata,  CHaafow.    The  Britiah  (Ouano  No.  8)  ia  aald  to  be  made  up  aa  follows :— 
8  ewt  of  Sulphate  of  Soda. 
8  ewL  of  Sulphate  of  Ammonia. 
1  ewt.  of  Common  Carbonate  of  Soda. 
16  CWL  of  Improved  Bonea,  manulactured  by  IHmball  A  Co. 

80  ewt..  or  1  too. 
The  Improved  Bonea  am  aald  (o  be  half  diaaolved  boMa  and  half  wood^hareoal.    I  be- 
lleve  the  bonea  inelutJe  animaJ  matter,  aa  I  am  Informed  the  rarraaaa  of  ok)  horsM.  Ac 
are  mil  need  In  the  manufacture.  "'  wrcwea  Xma  wSii^ 
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erm  the  pordoM  dnmed  with  ■olphate  of  loda  an  deieiibed  B»paU  tn  citeir, 
and  vet  the  ezoeM  of  produce  over  the  inuipeifed  partu  was  as  follows :— - 

In  the  oats    .    .    14  cwt  straw.     I  xtn.^^  41 it*  i»  j 

Inthehay  .  .  9  cwt.  per  acre.  J  ^^«^  ^*  «^P*»^  ^"  "PPl^ei 
The  increase  in  neither  case  would  be  deserving  of  much  altention--«zc6pC 
as  showing  satisfactorily  that  wrong  conclusions  may  be  drawn  in  regard  to 
the  efficacy  of  manures  and  top-dressings  by  those  who  judge  only  by  the  eyis 
— and  that  safe  reliance  can  be  placed  on  thou  comparative  results  onww/dch  have 
been  Usted^by  vfeight  and  measure.  I  know,  indeed,  that  practical  urmers  who 
have  applied  nitrate  of  soda  to  grass  land,  and  have  been  delighted  by  the  beauti- 
ftil  green  colour  which  followed,  have  occasionally  been  disappointed  by  find- 
ing that  after  all  this  promise  the  weight  of  hay  obtained  was  no  greater  tha» 
upon  the  undressed  parts  of  their  fiel<u.  As  to  the  feeding;  equalities  of  the  two 
kmds  of  hay  no  experiments  have  yet  been  made,  though  it  is  known  that  cat- 
tle prefer  that  which  has  been  dressed 

Suggestion  XL — I  put  down,  therefore,  as  a  distinct  suggestion  for  the  pur- 
pose of  drawing  attention  to  the  subject,  that  this  plan  m  spedaUy  noting  the 
appearance  of  the  ctom  at  staiedf  say  monthly  periods,  should  be  adopted  in  all 
future  experiments.  This  will  serve,  not  merely  to  show  us  more  clearly  what 
kind  of  appearances  are  to  be  trusted,  and  howmr,  as  indications  of  an  increase 
of  crop— but  may  hereafter  prove  of  further  importance  when  experiments  shall 
begin  to  be  instituted  upon  the  feeding;  properties  of  crops  reaped  under  dif- 
ferent circumstance^  and  raised  under  diilerent  kinds  of  management. 

3®.  Importance  of  having  ttoo  or  more  experimental  plots  similarly  treaUd.^^ 
The  experiments  upon  hay  above-mentioned  exhibit  another  iUustratioo  of  the 
fiict  adverted  to  in  page  &S  of  this  Appendix  under  the  head  of  limits  of  ernor. 
I  there  drew  the  attention  of  ejoperimenlers  to  the  diflTerence  in  the  pioduee  ob- 
tained on  two  equal  patches  or  the  same  field  of  turnips,  to  neither  of  which 
any  dressing  had  been  applied.  At  Elrskine  two  equal  plots  of  grass  in  the 
same  field  save  a  similar  difference  of  produce.  I  present  00th  rasuUs  here  fisr 
the  sake  ofcleamess.    The  produce  per  imperial  acre  was — 

BsyatErriUne.  Ttmlps  st  Baraehsn. 

tons,    cwt  tons,    ewt 

1st  plot 4       6  Id     17 

Sd  i^ot 3       8  U       8 

Differanoa t9  19 

In  my  remarks  upon  the  difference  between  the  two  plots  of  turnips  f  Appen- 
dix, p.  59),  I  expressed  an  opinion  that  differences  equally  great,  depending  not 
at  allupon  the  substance  applied,  might  be  expected  on  equal  porttons of  woaa 
fields  upon  which  our  different  saline  manures  may  have  been  applied;— 4uid 
that  veiy  erroneous  conclusions  might  thenoe  be  dmwn  in  regav  to  the  abscK 
lute  ana  comparative  effects  of  the  substances  with  which  our  experiments  are 
made  upon  the  crops  to  which  they  are  applied. 

I  have  since  met  with  a  confinnation  of  this  view  in  a  reoord  of  two  pain  of 
experiments  made  with  equal  ouantities  of  rape  cake  upon  equal  plou  of  red 
wheat,  in  the  same  season,  ana  upon  adjoining  parts  or  tha  same  field,  (British 
Husbandry,  I.,  p.  112.)  The  results  of  two  experiments  with  differsnt  quan- 
tities of  nme  dust  were  as  follows : — 

PnxlQee  of  Light 

lUpe  dust  applied.  BMrketcom.     Weight  per  bariML        eon. 

•tones.  bosh.  Dm.  ob.  lbs. 

Istplot 691    ...    96    ...    60    10    ...    46 

9ndplot 69i...91...50     8.    ..67 

Istplot 86     ...98.    ..63     4..    .96 

2ndplot 86      ...    99    ...    61      9    ...    $1 

The  difienooss  both  in  tba  quantity  and  in  the  vnight  of  te  gsnafBaped,  v 
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each  of  dMM  pain  of  eipflnmentii,ai«  bo  gnat  that  had  tbey  httn  obtained  from 
plou  of  crovnd  dreased  with  dtAtent  manures  we  should  leadUy  hate  ascribed 
them  to  the  unlike  action  of  tlie  substances  we  had  applied.  Docd>ta  ma^  nata- 
nlly  arise,  therefore,  when  we  look  at  the  seyeral  tables  of  resulu  contained  in 
this  Appendix,  how  fiur  the  differences  presented  in  them  are  really  due  to  the  un- 
like action  «f  the  manures  employed,  and  how  far  to  natural  causes  not  hitherto 
invastigaled.  Can  all  the  experiments  jraade  during  these  last  two  yearj  with  so 
much  care  really  be  Titiated  oy  this  source  of  error  1  The  point  must  be  eluci- 
dated by  further  experiment  Should  it  prore  that  we  haye  here  a  general 
■onree  of  error,  it  is  satisfictory  at  least  that  we  have  discovered  it  at  the  threshold 
as  it  were  of  our  accurate  experimental  inquiries,  and  that  we  can  derise  means 
of  avoiding  it  in  future. 

I  therefore  repeat  the  SaooBSrroNS  I.  and  IT.,  which  I  ventured  to  offer  in  page 
60  (Appendix),  that  some  of  my  readera,  of  whom  I  believe  many  are  interesteid 
in  this  subjest,  would  in  the  ensuing  season  ascertain  accurately  the  produce  of 
eyal  measured  quantities  of  the  same  field,  under  whatever  crop  it  may  be, 
and  publish  or  transmit  the  result  to  me— and  that  in  all  future  experiments 
made  with  the  view  of  ascertaining  the  effect  of  different  manures  upon  any  crop, 
iwo  plots  at  least,  and  not  adjoining  to  tack  other ,  should  be  treated  alike  m  each 
field,  and  the  mean  of  the  several  results  obtained  with  each  substance  taken  aa 
the  average  produce  fitnn  which  their  comparative  effects  are  to  be  estimated. 

These  points  appear  to  me  to  be  of  pnmarv  importance,  and  to  lie  at  the 
fi>undation  of  the  structure  1  hope  we  are  now  beginning  to  rear  with  the  results 
of  inductive  experimental  agriculture. 

4.  Adion  of  soot. -^In  these  experiments  a  top-dressing  of  soot  increased  con- 
siderably the  produce  of  oats  ana  wheat,  while  it  diminished  tlie  produce  of  po- 
tatoes when  mtxedvnth  the  maimre.  Thus  the  ptoduce  per  acre  on  the  dressed 
and  undressed  paru  was — 

Oftts.  Whest  Potatoes. 

Undressed  .  .  49  bush.  .  .  44  bush.  .  .  11  tons  16  cwt 
Dressed  ...  96  bush.  .  .  54  bush.  .  .  II  tons  3  cwt 
The  unfhvourable  effect  unon  the  potato  crop  may  probably  be  due  to  the 
mode  in  which  it  was  applied,  as  in  other  districts  it  is  very  useiiil  to  potatoes, 
and  gave,  as  we  have  seen^  when  applied  alone  to  turnips,  an  increase  of  4  tons 
per  acre.  ^See  Mr.  Flemmg's  Experiments,  Appendix,  p.  43;  also,  Lecture 
X  V II.  p.  438}. 

5.  Comparalive  actum  of  soot  and  of  nitrate  of  soda.—'Tht  immediate  effect 
of^oth  these  tubstancso  is  to  darken  the  colour  and  to  increase  the  growth 
ornay  and  straw.  In  this  respect  the  advantage  is  rather  on  the  side  of  the  ni- 
tfate,  while  ths  soot  in  some  cases  gives  a  little  more  grain.  Thus  the  tneroaae 
ofjfmduee  per  imperial  aere  of  the  three  crops  of  hay,  wheat,  and  oats,  dressed 
with  each  oftha  thiM,  was  neariy  as  follows:— 

Hay.  Wbest  Osts. 

Oniii.  flb^'^ 

8ooC    ....    7  owt    .    .    10    bush.    .    .    6    bush.      6  cwt 
2fitfata  of  soda .    9  cwt    .    .    10|  buah.    .    .    6|  bush.      7  cwt 
In  both  eases,  however,  the  sooted  grass  was  lighter  per  bushel    Thus  their 
oODlparaliva  weights  were— 

Wheat  Oats. 

Sooted    ...    68  lbs.    ..    41    lbs. 

Nitmted .    .    .    62  lbs.    .    .    42i  lbs. 

Nevertheless,  the  advantace  to  the  practical  man  is  decidedly  on  the  side  of 

the  soot,  smce  the  cost  of  40  bushels  of  soot  per  aere  was  only  ISs.,  while  that 

of  1  cwt  of  nitrete  of  soda  was  96s.    ft  is  only  to  be  regretted  that  soot  U  so 

jwMible  m  Its  coBsutotion  that  firm  reliance  cannot  be  placed  upon  the  vau&umr 

towhiA&^^HfliL^^ 

to  wiuoh  the  Erekme  axpenments,  tairen  in  ooiinaction  withSfthe  o^ 


yHQMl  vithjiMm  to  poinfe--that  it  is  mare  uiUformijf  suecmfid  when  appliml  ta 
roU  than  to  grtun  crops.  The  incnaie  of  oau  in  the  present  experiment  did  not 
ezoeed  half*  bnehel  per  acre-^ough  that  of  hay  amounted  to  14i  cwt 

7^.  AdUoi^  ofsulpkoU  of  soda, — I  have  akeady  noticed  the  effect  which  thif 
■alt  has  in  paling  the  colour  of  the  crop,  even  when  the  prodace  of  grass  or 
straw  is  incre— sd.  In  regard  to  the  grain,  we  see  in  the  experiment  upon  oats 
that  it  redooed  the  crop,  1 1  bushels  per  acre^while  the  wheat  crop  was  increased 
10  bushels  by  a  similar  application. 

Is  this  dittsrence  in  its  effects  due  to  the  nature  of  the  soil,  or  to  the  special 
action  of  the  sulphate  upon  the  two  crops  1 

We  have  seen  m  the  experiments  made  in  1843  at  Lennox  Love  (p.  68),  thiKt  the 
sulphate  of  soda  diminisned  the  oai  crop  15i  bushels  per  acre — an  effeet,  how* 
ever,  which  may  bemaiiUy  ascribed  to  the  great  drought  in  that  lociditjr,  since 
even  nitrate  of  soda  caused  a  diminution  of  1 2i  bushels.  But  it  also  diminished 
the  wheat  crop  at  the  same  place  to  the  extent  of  9i  bushels  per  acre,  bat  upon 
this  crop  also  the  drought  appeared  to  interfere  with  the  natural  ottion  of  Uie  sev- 
eral top-dressings  which  wera  applied,  so  that  no  trust-worthy  condusion  en 
be  drawn  from  the  apparent  results  of  their  action. 

Suggestion  XJl.^^l  have  already  suggested  (p.  72)  an  interesting  experiment 
with  sulphate  of  soda,  in  order  to  test  the  ver^  curious  observation  of  Mr.  Flem- 
ing, that  when  applied  lo  land  sown  with  artificial  grasses,  it  brought  up  a  crop 
eonsisting  almost  entirely  of  fescue  grasses,  thourh  none  of  these  had  been 
sown.  1  would  here  suggest  further  that  the  manced  difference  observed  at 
Cbrskine  between  the  action  of  this  sulphate  upon  wheat  and  oats  ebould  be 
Airther  investigated— with  the  view  of  obtaining  a  satisfaotory  answer  to  this 
question**Does  sulphate  of  soda  act  less  fiivoumble  upon  wheat  than  upon 
oats  in  the  same  soil  1  Or  does  an  unlike  action  manifest  itself  only  when  tha 
soiU  ore  different  1  I  fear  the  suggestion  comes  too  late  for  the  present  vear, 
unless,  as  I  hope,  there  are  experiments  already  in  progress  which  will  throw 
lichtupon  the  question.  But  the  suggesMon  will  not,!  believe,  be  overiooked 
u^en  anoiher  year  comes  round. 

It  is  ftirther  worthy  of  remark,  in  regard  to  the  action  of  the  sulphate  of  soda 
upon  the  wheat  crop,  that  the  straw  was  stranger  and  less  laid  than  where  any 
or  the  other  dressings  were  applied. 

8^.  Actionof  su^Xate  of  ammoma.'-'The  subatanoe employed  under  the  name 
of  sulphate  or  ammonia,  as  I  staled  in  a  previous  part  of  this  Appendix  (p.  61^) 
is  not  what  ito  name  implies.  The  makers,  the  Messrs.  Turabufi,  of  Glasgow, 
inform  me  that  it  is  prepared  by  adding  sulphuric  acid  to  fermenting  urine,  and 
evaporating  to  dryness*.  Though  such  a  substanoe  must  vary  in  compositifln 
with  the  unne  from  which  it  is  prepared,  and  must  contain  more  or  (ess  am- 
monia aecording  to  the  degree  or  fermentation  which  the  urine  has  undereone, 
yet  good  eflbets  may  feiriy  be  expected  from  it  I  here  exhibit  theeiect  o?  1  to 
14  cwt  per  acre  applied  to  different  crops— 

Undrewed.  DrsMSd.  Ibdast 

Wheat    .....    44   bush.  54i  bush.  Erekine. 

Do 31  i  bush.  40   bush.  Gadgirth. 

Oats 49   bush.  50  bush.  Erekioe. 

Turnips  .....    12|  tons.  24i  tons.  Baiochan. 

Potatoes 12|  tons.  I4i  tons.  do. 

Do 81  tons.  I3i  tons.  4o. 

These  results  not  only  reoommend  this  sabstanoe  to  the  practical  fermer,  but 
(hay  also  enforce  the  remarks  1  have  made  in  the  text  upon  the  value  of  urine 
m  general,  upon  the  large  waste  of  manure  annually  incurred  by  the  neglect  of 
it,  and  upon  the  virtual  money-ioss  which  is  suffered  by  those  who  allow  it  to 

ca|M  from  their  fentt-yards.    [See  Leeture  XVIIJ.,  p.  463.] 

0^.  AOion  of  TimtmWs  ivfwtif.—This  hnmu^ns  it  is  called,  vs  nig^t^ul 

huhetartlliswedeseittedttuadartUniBisof iiititsftnfM»#i    >iip.tfl. 
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•iidimxiemizad  withchaicoBlandg7p8iun,aDddriedby  agenttehe^  Its«f. 
Ibcts  upon  the  wheat  crop  are,  in  the  present  ezDerimeuu,  more  fiiToarable  than 
anv  ofihoee  I  have  3ret  placed  upon  reoord.  The  following  ezpefimental  re- 
■iifta  exhibit  the  nature  of  its  action  in  two  localities,  both  u  the  same  neigh- 
bourhood:"^ 

Undrened.  DrtMed.  EjEpertneola  nade  ac 

Wheat     ...    44   buth.  51  bush.  Erskine. 

Oats     ....    49   bush.  45  bush.  do. 

Turnips  .    .    .    19|  tons.  13|  tons.  Barochan. 

Do.        ...    12   tons.  17  tons.  do. 

Potatoes  .    .    .     5f  tons.  10|  tons.  do. 

These  rssults,  especially  those  npon  the  com  cropa,  are  not  so  beneficial  as 
might  well  be  ejcpectftd  fiom  a  prepared  nightrsoil,  and  they  afford  room  for  the 
suspicion  that  the  mode  of  manuactorB  has  been  such  as  to- dissipate  some  of 
the  more  valuable  constituents. 

1<P.  Sxperimtnt*  upon  potaioes.—ln  the  experiments  upon  potatoes  the  wholo 
mop  averaged  12  tons  psr  aere,  and  the  paits  of  the  fiela  to  which  the  aitifitcial 
manures  were  added  exhibited  no  marked  increase  above  this  general  average. 
Even  the  mixture  of  nitrate  with  sulphate  of  soda,  which  in  so  many  other 
cases  has  proved  beneficial  to  the  potato  crop,  in  thia  instance  produced  only  1 
cwL  of  increase. 

It  may  be  that  the  manure  which  was  added  at  the  rate  of  45  tons  per  acre 
contained  a  sufficient  supply  of  all  those  kinds  of  food  which  were  added  after- 
wards in  the  saline  and  other  substanoet.  If  so,  a  larger  crop  could  only  have 
been  obtained  by  the  addition  of  some  other  substance  not  tried,  for  a  loam  of 
moderate  quality  ought  to  be  able  to  produce  more  than  IS  tons  of  potatoes  per 
acnt. 

Or  it  may  be  that  these  same  artificial  manures  would  have  prodnoed  a  larger 
increase  had  they  been  put  on  as  a  top-dressmg  after  the  crop  had  come  xtp^  m- 
stead  of  bemg  spread  upon  the  mamum  before  the  potatoes  were  planted  upon 
it  In  the  experiments  of  Mr.  Fleming  made  with  especial  remenoe  to  this 
paint,  [Appendix,  pp.  49  and  66,]  it  was  found  that  a  larger  jnropertumaU 
increase  was  obtained  finom  the  same  saline  substances  applied  in  equal  quanti- 
ties to  the  potato  crop  when  they  were  spread  upon  the  ffiamcrf,  than  token  tkep 
were  applied  as  a  top-dressings  a/ler  the  crop  had  come  tup.  Still  the  experiments 
in  his  case  being  made  in  different  fields,  I  stated  that  the  point  was  not  to  be 
considered  as  established,  but  was  deserving  of  further  investigation.  This 
opinion  is  strengthened  by  the  results  of  these  experiments  of  Lord  Blantyre : 
I  vould  therefore  beg  to  offer  as — 

Suggestion  JT///.— That  the  application  of  saline  manures  to  the  potato 
crop—either  when  the  trial  is  made  for  the  purpose  of  obtaining  practical  infor- 
mation, which  mav,  hereafter,  be  valuable  as  a  guide  to  the  opentiona  of  the 
former,  on  the  lana  where  his  experiments  are  made,  or  for  that  of  arriving  at 
results  which  may  be  theoretically  useful — that  the  same  proportions  should  be 
appUed  to  two  or  more  plots  buried  with  the  manure,  and  to  two  or  more  dusted 
on  as  a  top-dressing.  From  an  accumulation  of  resnilts  obtained  in  l>oth  ways, 
we  shall  be  able  to  extract  something  like  a  principle  by  which  practical  men 
may  be  easily  cuided  in  that  direction  which  is  likely  in  the  greatest  number 
of  cases  to  lead  to  the  greatest  amount  of  profit 

11^.  Waier  in  the  ^aioes. — I  will  here  add  one  other  observation  npon  the 
potato  experiments.  There  was,  as  we  have  ahready  remarked,  no  nocaUe  dif- 
ference in  the  iw^A<of  crop  raised  upon  the  several  patches.  But  the  qualitf  of 
the  crop— the  weicfat  of  dry  food  raised  upon  the  several  patches— might  really 
be  different  notwithatandkig.  In  my  renuuks,  [Appendix,  p.  65],  upon  the  Baio- 
chan  experiments  upon  potatoes,  made  in  1842,  1  have  drawn  attention  t»  the 
foet  that  poutoes  sometimes  contain  as  much  as  30  per  oent  of  dry  food,  and  at 
othy  tmies  as  htUe  as  90  per  cent,  and  therefore  that  a  ton  of  pitatoea  of  one 
tand  maycAitaftr  6  cwt»  wfailatlM  aaoM  w«ight  of  anocher  oonteiaaooly  4 
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6Wt  of  dry  noariihment  R  maybe,  therefore,  tbat  as  by  growing  in  unlike 
•ails  or  with  unequal  degrees  of  rapidity  our  potatoes  may  contain  different  pro- 
portions of  water,  so  by  different  kinds  of  dressings  whicli  ael  in  the  same  way 
as  natural  differences  of  soil,  and  cause  the  plants  to  develope  themselves  wiu 
greater  orlestf^rapidity,  the  same  effects  Biay  be  produced.  One  kind  of  saline 
substance,  such  as  nitiate  of  soda,  by  hastening  the  growth,  may  give  us  a  crop 
of  potatoes  containing  much  water,  while  another,  such  as  sul^mate  of  soda,  of 
retarding  the  growth,  may  ^i?e  a  crop  containing  less  water— and  thus,  thovgn 
taere  may  be  no  difference  in  the  weight  of  the  two  crops,  they  may  be  irsry 
unlike  in  the  relati?e  proportions  of  food  they  contain. 

If  such  be  the  case  it  is  of  great  practical  importance  to  detarmiiie  the  quantity 
of  water  which  our  several  expenmental  potato  crops  contain,  since  without 
this  we  may  draw  very  incorrect  conclusions  as  to  the  value  of  our  expenmental 
manures— placing  the  highest  value  upon  that  which  ^ves  the  greatest  weight 
of  raw  material,  and  esteeming  least,  perhaps,  that  which  produces  the  greatast 
weight  of  dry  food. 

1  would  again,  therefore,  draw  the  attention  of  my  readers  to  the  subject  of 
Suggestions  IV.  and  VI.,  [Appendix,  pp.  63  and  65^]  in  reference  to  the  deter* 
mination  of  the  quantity  of  water  in  their  expenmental  root  crops.  Thft 
method  of  doing  this  is  very  simple,  and  has  already  been  described,  [Appendix, 
p.  64.J  

Each  new  series  of  experimental  resulta  we  are  called  upon  to  exanune  and 
analyse,  will,  I  hope,  more  and  more  satisfy  my  readers,  as  they  do  myself, 
that  this  is  the  true  line  of  procedure,  and  that  though  there  may  be  much  in 
our  resulta  at  first  which  may  appear  contradictory  and  discouraging,  yet  that 
out  of  these  crude  resulta,  when  combined,  compared,  and  flrequently  repeated. 
the  real  substance  of  a  rational  agriculture  will,  slowly  it  may  oe  and  with  dil- 
ftculty,  yet  surely  at  last,  be  extracted. 
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AT  BASOCHAH   IN   1846. 

Experiment  l.'^Upon  PtftatoA 

Comparative  effecta  of  guano,  form-yard  manure,  §^sum,  Ac.  by  them- 
aalves  and  in  mixture,  upon  Potatoes  of  different  varieties,  planted  ^tJi,  SMh, 
and  97th  April;  lifted,  measured,  and  weighed  from  13th  to  14th  October, 
1843.    On  ona^hih  of  an  imperial  aen. 

The  portion  of  the  field  upon  which  these  potatoes  were  nown  contains 
about  five  acres ;  soil — loam  of  medium  texture,  super-incumoent  upon  trap 
rock.  It  was  trenched  with  the  spade  out  of  seven  years  old  lea  in  the  winter 
of  1812  and  1843  to  the  depth  of  16  inches,  the  sward  being  turn-spaded  into 
the  bottom  of  the  trench,  and  the  subsoil  a  stiff  yellow  till  brous^t  up  to  Ihe 
top,  which  mouldered  down  to  a  fine  mould  during  the  winter.  The  drflls  were 
formed  for  tlie  potato  cute  with  the  double-moulded  plough,  and  by  the  Itti 
June  the  plants  were  all  brairded  in  the  rows,  and  were  worked  in  the  usual 
manner  with  the  plough,  drill,  grubber,  and  hand-hoes.  After  the  drills  weia 
formed,  where  the  guano  was  used,  it  was  sown  in  the  drills  by  tha  hand,  on 
the  bottom  and  tid^  of  the  drills,  the  ftna-yaid  manure  babg  uaa  put  in  and 
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•pread  upon  the  top  of  it  Cut  seta  were  then  laid  on  and  covered  up  widi 
ammt  three  inches  of  soil.  ParliaUar  aUentum  skould  be  paid  ^oken  gtumo  u 
used^  that  U  be  imU  mixed  with  the  toil,  as  this  is  of  the  greatest  importance  to  the 
heaUh  of  the  plants  and  the  bulk  of  the  crop,  especuiOy  in  the  case  of  potatoes  and 
twmips.  This  conclusion  has  been  arriTed  at  after  three  years^  eztensife  ex- 
perienee  in  the  use  of  guano  as  a  manure;  as  it  has  been  found  here  that  the 
more  nuButely  it  is  sprMd  and  worked  into  the  soil  the  crop  is  the  heavier  and 
the  better  matured.  When  it  has  been  uBtod  in  a  body  immediately  under  the 
plattt,  it  has  always  been  found  to  induce  a  strong  vieorous  erowth  of  stems 
and  feafss,  and,  in  general,  to  ripen  the  plant  prematurely,  and  both  the  potatoes 
and  turnips  were  in  consequence  deficient  in  tubers  and  bulbs.  From  these 
drsomslanoes  it  may  be  inferred— what  is  indeed  known  to  be  the  case — that 
the  guano  does  not  contaitt  all  the  ingredients  wliich  are  required  by  the  plsnts. 
and  that  the  large  proportion  of  ammoniacal  salts  it  contains — ^when  it  is  laid 
in  a  mass  in  immediatt  oontact  with  the  roots  of  the  plantar-pushes  on  the 
growth  too  quickly  with  small  stems  and  delicate  leaves.  Numerous  small 
bulbs  are  the  consequence,  and  the  cultivator  being  disappointed  is  led  to  pio> 
nounce  the  guano  wortlilcss,  whilst  his  inferior  crop  may  be  in  a  great  measure 
owin^  to  bad  mana^ment  Whatever  may  be  the  reason,  however,  it  has 
been  round  in  using  it  here  that  when  sown  broad-cast  the  cropsof  every  descrip- 
tion have  been  benefitted,  while,  on  the  other  hand,  whenuiid  in  a  bod^  near 
the  roots  the  reverse  has  been  the  case.  In  cutting  the  potato  for  seed,  gypsum 
in  powder  was  strewed  upon  the  sets  when  newly  cut,  and  it  will  be  seen  finom 
No.  6  of  the  table,  with  |ood  effects  in  addine  to  the  produce,  as  where  the  cuts 
were  so  powdered,  as  m  No.  6,  their  superiority  over  No.  7  (which  was  not 
done  so])  m  point  of  strength  and  vigour  was  roost  remaritable,  and  when  lifted 
the  produce  was  1  ton  5  owt.  per  acre  more  than  No.  7.  It  may  also  in  a  certain 
measure  be  a  means  of  preventing  failure  in  the  potato,  as  ti^ere  was  no  fiuhira 
in  this  teld  where  the  gypsum  was  so  used  on  tne  cots,  while  the  aame  seed 
pota$0€s  failed  upon  another  field  which  was  planted  at  th*  aame  tine»  bnt 
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QXtenaire  trkl  at  a  prereoUdTe,  and  it  wiH  in  all  aotb,  whara  it  u  deficiant, 
add  to  the  prodttee.  It  has,  at  the  sttne  time,  tha  merit  of  h«ing  a  cheap  appli- 
eation. 

*  There  waa  no  gjeat  alteration  in  point  of  stiength  or  forwardness  till  thc^lst 
of  July,  when  all  those  patches  upon  which  th»  guano  had  heen  used  befan  to 
take  the  lead  of  thosa  planted  with  mrm^yard  manure  alone.  The  guano  pr<xluoed 
a  daiit  green  colour  and  very  strong  stems  and  leaTcs,  so  much  so,  that  it  was 
Ihund  when  too  late  that  they  had  been  too  near  planted,  i.  e.,  S3  inches  betwaen 
the  drills,  and  19  inches  between  plant  and  plant  There  would  have  bean  a 
fiur  heavier  crop  if  there  had  been  more  space,  as  the  strong  growing  varieties, 
such  as  the  cups  and  bines,  were  nearly  choked  for  want  of  air.  It  wilt  faa 
seen  from  the  tables  that  a  mixture  of  guano  and  fhrm-yard  manure  cave  a 
greater  crop  than  where  either  of  them  was  used  alone.  The  portion.  No.  8, 
was  top-dressed  with  guano  when  the  potatoes  were  set  up  for  the  last  time. 
It  was  sown  broad-cast  between  the  drills,  after  which  the  dnll  harrow  waa  put 
through  them  and  the  ploqeh  followed,  it  acted  immediately  by  altering  tha 
colour  to  a  dark  green,  the  plants  putting  out,  at  the  same  time,  new  stems  and 
leaves,  but  owing  to  its  being  applied  ao  late  in  the  season,  there  was  a  lamer 
proportion  of  small  potatoes  than  at  the  others  when  lifted.  After  many  truda 
It  has  bean  found  that  the  bed  mtd  most  ecfnmnical  way  of  vsing  guano  &r  tke 
potato  crop  i$  by  adding  3  or  3  aoL  per  acre  to  half  the  usual  qmmHty  ofjttmt' 
yard  dungf  whuhwiU  befownd  to  give,  at  least,  as  good  a  crop  as  double  tie  quaasr 
lily  of  dung  aUme^  whilst  it  is  much  cheaper  in  the  first  cost,  and  saves  much 
cartage,  which  ia  of  the  greatest  moment  to  the  farmer  in  spring.  From  its 
effects  upon  the  oat  crop  of  this  season,  where  it  was  used  as  a  manure  for  the 
turnip  crop  of  1842,  at  the  rate  of  3  owt.  per  acre,  it  seems  permanent — as  the 
oats  will  b«ar  a  comparison  with  those  which  grew  where  the  land  was  manured 
with  40  cubic  yarda  of  farm-yard  dung,  and  the  hay  crop,  at  this  time,  looks 
as  strong  and  forward  as  anv  in  the  same  field.  Potatoes  manured  with  guano, 
or  dressed  with  sulphate  and  nitrate  of  soda,  appear  also  to  be  improved  inkeaUk^ 
and  the  tubers  so  grown  are  less  apt  to  fail  when  cut  and  planted  the  following 


Experiment  11. — On  Hay, 
Effect  of  top-dressings  of  various  substances  upon  three  years  old  Ghntss, 
mostly  Timothy,  cut  for  hay  in  1843 ;  top-dressed  on  the  Id  of  June ;  cit  on 
the  5th  of  August ;  weighed  when  cut  and  again  weighed  when  stacked  on  the 
08ch  ot  August.  Gtoantity  of  grouna  under  each  drsssingwOiie-«i^M  of  an 
imferial  aare. 
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Xotbii^ 

Guano 

Ck>iiipost  of   saw-) 

duafaodeoaltsr.  < 
Murteta  of  smmoi^ 
Shilphaia  of  urioe, ) 

TanboWn \ 

Nkntsofsoda 

Muriate  of 
tioounoBSik.. 
Nitrate  or  soda* 


qru.  ItM. 

1~14 

Sboah. 

0   20 

0  ao 


cd. 

310 

26 

30 

30 

09 
2  6  i 
04* 

2  4 


4500 

3700 
3780 

mo 

3760 
9100 


•tiba. 

68    11 

831691     7  38 

3166196     643 

17 


70     0 
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266 
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TbA  part  of  lbs  field  whan  the  above  dieaaiap  were  pvt  ia  a  aliff  cUy  loam 
lying  quite  leTel  upoo  a  aandauma  roekj  ana  haa  a  aouth  expoauia.  The 
aiesainn  veie  lale  of  being  put  on,  and  it  was  iniended  for  green  cutting  £k 
aoiling.  out  owing  to  the  abundance  of  other  fiseding.  the  paru  dieaaed  were 
aavad  for  haT.  All  the  dreeainga  eioept  No.  3  had  tna  effect  of  altering  the 
colour  to  a  dark  green  in  the  oaurae  of  a  week,  and  they  all  came  away  yery 
atron^  andTigoroua.  No.  3(the  compoal,  aeenotei^,  p.88.)  hadthe  eflectof  at- 
tering  the  coiour  in  about  three  weeka  after  being  ajyliad,  and  came  away  ao 
rapoly  that  it  toon  gained  upon  the  others  in  point  or  atrenath  and  luzuiianoe 
or  alema  and  leavea.  It  will  be  aeen  from  the  tablea  that  Noa.  4  and  6  gave 
leas  bay  from  1000  Iba.  gasen  cut,  when  uaed  alone,  than  any  of  the  othera ;  but 
with  the  addition  of  common  aalt  1000  Iba.  gave  more  than  any  of  the  other 
dreased  portions.  Sulphated  urine  may  be  conaidered  a  salt  of  ammonia,  all 
'  of  which  aalta  have  been  found  to  give  greater  bulk  than  almoat  any  other  ap- 
plication of  salts  applied  to  green  (xoduccL  but  they  have  invariably  been  found 
nere  to  give  less  dry  hay  when  used  by  themselves.  The  extra  produce  from 
the  sulphated  urine  is  probably  owing  to  iu  compound  nature.  It  iq)pears  from 
the  above,  therefore,  that  the  most  profitable  way  of  using  these  salu  is  by 
miaUng  than  with  others^  and  that  the  tnan  cmnptmnd  the  mixtmn  is  Ut  deUer  wM 
be  tt<  crop.* 

Ezpeiiment  IIL— On  OaU, 
Eflbcts  of  ramo  upon  Oats  (potato),  sown  on  the  17th  of  April ;  cut  and 
weighed  on  the  15th  or  September.    Thrashed,  cleaned,  and  wei^ied  on  the 
Mth  of  October. 
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KoT£. — The  above  quantitiea  were  applied  to  and  reaped  from  miB-fmrth  tf 
•n  imperial  aert. 

The  pordon  of  the  field  upon  which  the  above  oata  were  grown  ia  a  deep 
atiff  yellow  clay,  auper-incumbent  upon  aaadstone  rock.  It  has  been  thoroughly 
drained  for  a  number  of  years.  It  had  been  sown  with  wheat  on  the  90in  or 
January,  1843,  top-dressed  vrith  guano  at  the  aame  time,  which  was  harrowed 
in,  but  owing  to  tne  dampness  and  constant  chanae  fitmi  firoet  and  thaw,  the 
greateat  part  of  the  wheat  failed,  and  waa  ploughed  up  on  the  15th  of  April,  and 
potato  oats  aown  upon  it  on  the  17th  of  that  month.  The  oata  brauded  all 
alike,  showing  no  oiflference  in  point  of  eariiness ;  but  by  the  9th  of  June  a 
most  remarkable  alteration  had  taken  place,  the  portion  which  had  been  dresaed 
with  guano  for  the  wheat  taking  the  lead  of  the  undreaaed  portion,  and  being 
of  a  dark  green  colour  with  broad  leavea,  and  covering  the  ground  wefl ;  whUst 
thai  which  had  no  drBoaing  was  brown  and  atinted  in  comparison,  and  the 
ground  not  half  covered.  The  two  portiona  continued  throughout  the  aeaaon  to 
present  the  same  difference  in  their  appearance,  and  at  the  time  of  cutting  theie 
was  more  than  a  foot  in  length  of  straw  in  fiivour  of  the  dressed  portion.  It 
will  be  seen  fVom  the  table,  however,  that  although  the  guano  had  the  effect  of 
giving  more  bushels  per  acre,  the  bushels  were  lighter  in  weight  by  S  lbs.  than 
the  grain  from  the  undressed.    It  may  be  remarked,  howeverTthat  had  < 

im^mOthctoi  mixture,  the  Aathof^e  Ehmmf  nf  JgrUmUm^ CUmimy m 
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salt  been  mixed  with  the  g;uano,  there  is  leaeon  to  believe,  fieom  other  tiudfl, 
that  the  gndn  woold  not  have  been  deficient  in  weight  per  bushel.  Ammoma» 
cal  salts  shoald  at  no  time  be  dressed  upon  graift  crops,  without,  at  the  same 
time,  adding,  according  to  the  composition  S  the  soil  upon  which  such  crops 
are  grown,  such  other  morganic  ingredients  as  may  be  required.  Pew  soils,  at 
least  in  this  part  of  the  country,  appear  able  to  supply  these  in  sufficiency  to  the 
plants — ^parueolarly  the  phosphates,  which  seem  always  deficient  At  least  Ike 
addition  of  bone-dust  or  animal  charcoal  seems  always  to  improTe  the  crops  to 
which  they  are  applied. 

Experiment  IV. — On  Turnips, 
Comparative  effects  of  ^[uano,  fium-yaid  manure,  bone^nst,  and  animal  char- 
coal, by  themselves  and  m  mixtures,  on  TwnqMof  different  vaiieties;  lifled* 
topped,  tailed,  and  weighed,  in  Nov.,  1843. 


No. 


Variety  of  tamips  a 
kiud  of  maodMs. 
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Time  01  Qoantlty  ot 
Sowing,      manure 
applied. 
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cartagei 


Prodoce. 


Pro- 
dace. 


Value  of 

produoe 

at  160. 

per  loo. 


BWSOISH. 

Farm-yard  mauure... 

Guauo , 

Aoimal  charcoal*... . 
Parm-yard  manure., 

UUAUO , 

ILUf-mch  twoea 

Farm-yard  HUinare... 

Uuauo , 

Hair-inch  bones , 


June 
6to7 


2|  cub.  yds. 

70  Um. 

2|  cub.  yds. 

42lbe. 

2|  bushels. 

6  cab  yds. 

TOIba. 

6  bushels. 


rCRPLS-TOP  TBLLOW. 

Ouauo....... 

ihmg........ 

Buoea 

F^rm-y ard  manure . . . 

Guano 

Farm^y  ard  manors . . . 

Bone-duat  ••% *• 

Farm  yard  manure... 

Guano 

Animal  charcoal 


JOMBS'    TSLLOW  TOF. 

Farm-yard  manure . . . 

Animal  charcoal 

Farm-yard  manure... 

Bone-dust 

Farm-yard  manure... 
2lulphaie  of  Soda,  as  a 

tt>p>dreaaing 

Farm-yard  manure. 

Ckuiuo 

Farm-yard  manure. 

Guanot 

Animal  charcoal. . . 
Cumpoat    of    coallar 
imJ  paw-diHC. . . . 
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The  field  upon  which  the  above  turnips  were  gifown  ui  a  light  gravdlyloam, 
wper-incurobent  upon  a  deep  gravelly  tdl.  The  greater  part  of  the  feld  was 
trenched  with  the  spade,  and  aU  drained  with  tiles  and  soles  30  inches  deep  and 
90  feet  apart,  in  the  winter  of  ld41  and  1843,  and  m  the  preparstM>n  for  the  tuiw 

•  The  animal  chsreoal  here  used  Is  the  rsltassof  Ihssugsr  rsaasrs,  sad  eoolsins  shout 
fib.  of  Us  weight  of  bom^arth. 
t  Ihfs  pBit  of  the  field  wu  trMRbsd.  r^  ninin]r> 
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aip  cnpia  IMS  and  1843i,  -what  had  not  been  trendied  wm  sabwMled.  Th» 
turnip  crop  waa  aown  at  dtffanent  times,  aa  noticed  in  the  tablea.  All  the  pazta 
brairded  veil  and  Healthy,  and  continued  to  grow  without  intarmiaaion  through 
the  aeaaon.  The  field  containa  about  11  aciaa  imperial,  and  the  crop  waa  laoet 
luxuriant,  ao  mudi  ao,  that  the  li^iteat  tumipa  in  any  part  of  the  field  would 
have  been  reckoned  good.  The  field  waa  drilled  for  the  crop  with  the  double 
nvHild  plough  at  30inchea  apart,  for  swedes  and  vurpk  t^p^yemw^  and  96  and  28 
inchea  tor  J^ncs*  ycjt^ia,  which  Tariety  ia  rBmarkahle  for  my  amaii  iopa,  and,  in 
conaeqnenoe,  may  be  drilled  nearer.  The  difference  in  the  appearance  of  the 
tumipa,  where  the  varioua  manuiea  and  roixturea  bad  been  applied,  waa  very 
marked.  Wherever  guano  had  been  applied,  the  tope  were  laiger  than  any  of 
the  ocheis,  euxni  N9.S  of  As  iahk  {Jame^  felisw),  upon  which  aulphate  of  aoda 
waa  iMMlreeeed,  after  the  pbnla  were  thinned.  The  crop  upon  thia  portion  waa 
remarinble  for  luzitfiance  of  tope  and  laiKO  bulba,  and  g^ve  a  very  good  crop.* 
Ko.  6  of  the  ti^le  (Jonee'  yellow), 


_  waa  ttpon  opade  ttenchcd  land,  and 
ia  the  only  lot  where  a  oompariaon  can  be  made  between  trenching  and  subeoil- 
ing.  Where  bone  duat  was  used  the  topa  were  not  ao  large,  and  where  tks  anir- 
nm  diarcoml  had  bseti  added  the  tops  were  Isastof  all  and  the  mtiJbs  lorgesL  Upon 
all  the  varieties  of  soils  in  this  fonn,  the  application  of  animal  charooal  or  bone 
duet  haa  been  of  great  benefit  to  all  crope--to  wheat,  barley,  oata,  hay,  and  grass 
— the  crops  beini?  bulkier  and  of  superior  quality,  eapeciaUv  upon  soils  supenn- 
Gimbent  on  trap  rock,  giving  an  evidence  tnat  all  auch  soils  upon  this  estate  are 
in  want  of  pho^hatea.  This  has  also  been  proved  by  the  analysis  of  several — 
none  of  them  giving  more  than  a  trace  of  phosphatea,  and  some  of  them  none  at 
all.  Upon  all  tbeae  soils  animal  charcoal  or  bonea  seem  to  be  uidiapenaable. 
becanse  the  grain  crops  cannot  be  matured  without  pheephatea  of  lime  ana 
magnesia.  It  appears  from  the  many  eacperiments  that  have  been  made  here, 
that  cuano  does  not  contain  a  aufficiency  of  the  phosphatea  to  supply  the  crops 
to  which  it  ia  usually  applied,  and  which,  from  tne  neater  luxuriance  of  growth 
its  application  at  all  timeeinducea,  would  be  requiied  in  greater  quantity  accord- 
ing to  the  bulk  of  crop.  A  portion  of  the  animal  charcMl  of  the  sugar  refiners 
being  mixed  with  it  at  the  time  of  aowiag^  will  supply  the  deficiency,  and  at  aJl 
places  inland  from  the  sea,  common  salt  will  be  found  a  valuable  addition.  The 
cultivator  who  is  obliged  from  deficiency  of  farm-yard  manure  to  use  guano  will 
And  that  by  taking  one-half  of  his  usual  quantity  of  fium-yaid  manure  per  acre, 
and  nidtine  up  for  the  other  half  by  the  addition  of  2  to  4  cwu.  of  guano^  his 
cropa  will  ne,  at  least,  as  bulky,  ana  his  aftei^crops  as  eood,  as  if  he  had  oaed 
40  cubic  yards  of  good  dung.  Guano,  however,  should  not  be  used  by  itself 
upon  soils  that  do  not  contain  a  certain  amount  of  vegetable  matter  (i.  e.  on  poor 
anwp  soils),  but  it  will  in  all  caaes  be  found  an  invaluable  manure  for  thorough- 
drained  mosa  soils. 

Novas.—P.  The  compost  of  cosl-fsr  and  saw-dost  nssd  in  the  preeadliw  eiperisMBis  Is 
eomposed  of  saw-dual  or  moss  40  hoshals,  ooal-tsr  90  gaUoos,  boaa-dost  7  lioabals,  salpbata 
of  toda  1  ewt.  siilphata  of  SMgnasIa  li  ewt,  and  commoo  saU  If  cwt.,  pot  tofelher  in  a 
haap,  with  90  bushels  of  qolckllssa,  and  allowed  to  ferment  and  heat  tot  Ihrse  weeks,  when 
It  la  tamed,  and  apdn  allowed  to  fennent.  and  la  then  fit  for  ose. 

2^^.  la  odnf  the  nitrate  of  eoda  fbr  the  last  Ibar  years  In  the  fsrden,  tt  haa  been  Ibnnd 
thai  topdreaeiof  the  leek»  to  the  moath  of  Aofust  or  September  enabled  them  to  resist  the 
effisets  of  wtaier,  whUat  those  thai  were  not  ao  dressed  have  InvariaUj  tailed,  and  gone  to 
decay  eai^jr  In  the  eeasnn ;  at  the  same  time.  It  laereaoee  their  bulk  In  a  resasikable  Bsaa- 
ner.  Koowiof  this  eflbct  opon  leeks,— a  erop  thai  If  irown  to  a  lafga  siaa  has  a  sraal 
tendency  to  rot  and  Ikll  In  wfaiter«— ssteht  it  not  have  tne  sasse  eftet  upon  autumn  aowo 
wheals  ff  dressed  with  It  aAer  Ihey  are  brairded  1  This  hint  is  Bkerely  thrown  oat  as  worthy 
of  trial,  as  the  salt  appears  to  have  the  power  of  toughening  the  libra  or  otfienrlse  eoabliiw 
the  plants  to  wlitaataod  the  riAoora  of  winter,  and  In  thie  way  ailgfat,  perhapa,  praveoc  the 
wheel  crop  from  fUllog  In  wloler,  which  ia  often  llie  esse,  to  the  mat  loss  and  *<*rppirint- 
Bent  of  the  temer  ^^  "^  ** 

Barockan,  PA,,  1844. 

*  satphoito  aeid  and  the  aniphales  appear  to  axerelee  a  markedaetioo  Mlhetnmip  obplW^ 
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REMARKS. 

I  •ttbmit  these  ezperimenta  to  tbe  reader  without  any  lengthened  comment 
Th»  ezpernnents  with  guano  are  tvtf  seaaonable,  and  will  be  oC^  much  Benrice 
to  the  thousands  of  practical  men  who  ate  now  likely  to  tiy  this  yaluable 
manure. 

There  are  three  intenstiag  general  observations  of  Mr.  Fleming,  to  whieh 
alone  I  would  direct  especial  attention — 

1^.  That  the  potato  sets  did  not  fiul  when  powdered  with  gypsum,  and  that 
the  more  extensiTe  trials  of  this  substance  which  he  recommends  ought  eer- 
tainly  to  be  encouraged. 

3^.  That  potatoes  dressed  with  guano,  or  with  nitrate  and  sulphate  of  soda, 
appear  to  be  improved  in  health,  and  are  less  apt  to  foil  when  cut  and  planted 
the  following  year. 

3^.  That  nis  trap  soils  are  supposed  to  be  especially  deficient  k  phosphates, 
and  that  the  use  or  bones,  in  any  form,  always  improved  his  crops  upon  these 
soils. 

These  three  obaervations  are  very  interesting,  and  a  careful  study  of  tke 
tables  of  results  will  lead  the  reader  to  make  other  interesting  observations  and 
deductions  for  himselE 

It  is  very  satisfactory  to  me  to  have  been  able  in  this  Appendix  to  incorporate 
the  results  of  experiments  performed  on  three  successive  years  by  one  so  skilfiil 
and  zealous  as  Mr.  Fleming, — conducted  every  year  also  with  more  care,  and 
more  likely,  therefore,  to  lecd  to  important  conclusions. 

The  subject  of  agricultural  experiments  has  now  been  taken  up  so  warmly 
and  so  successfully  in  almost  every  part  of  the  countnr,  that  we  may  look  for- 
ward with  confidence  to  the  graduflu  accumulation  of  a  body  of  facts,  out  of 
which  correct  and  practically  useful  principles  may  gradually  be  elicited.  The 
large  body  of  experimental  results,  which  the  prize  offered  last  year  by  the 
Highland  Society  has  brought  before  the  public,  shows  how  eagerly  the  en- 
lightened piacticHl  fanners  of  the  present  day  will  follow  the  guidanoe  of  such 
as  are  willing  to  show  them  how  tne  art  by  which  they  live  may  be  really  and 
permanently  improved. 
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